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Abstract: 

PROBLEM TO BE SOLVED: To realize a highly reliable semiconductor light emitting element 
having good emission characteristics and a long lifetime, a highly reliable semiconductor element 
having good characteristics and a long lifetime. SOLUTION: At the time of fabricating a 
semiconductor light emitting element or a semiconductor element by growing a nitride based III-V 
compound semiconductor layer for forming a light emitting element structure or an element structure 
on the major surface of a nitride based III-V compound semiconductor substrate 1 where a plurality 
of second regions B having a second mean dislocation density higher than a first mean dislocation 
density are arranged regularly in a first region A of the crystal having the first mean dislocation 
density, the nitride based III-V compound semiconductor layer is prevented from coming into direct 
contact with the second region B on the major surface of the nitride based III-V compound 
semiconductor substrate. COPYRIGHT: (C)2003,JPO 
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^jLTu^)^{tt)^ I I 1 -wmit-^^^mi^sm.i(D 

«JISI I I -VSi<t^i|*i2|£»«£B*fi!cS^?-e-«Cl<i:»cJ: 

^im^i I I -vi^<t^#)^^{^@*tg{t%?^ I I I 

- V]!fi{|:^i^i^#{*:S1S l<^iK±T^ 2 0^«B tit 
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1 

1 (Dmi^'ptz^mm i o sst^s 2 

mvxir^^^itmmi I I -vffl6{t^(^^»^gs«i:a«©± 
®±fci£^3S^i«)fi*jgfi!t-rsg{tiKi3S I I I -vmit 

iiE^^ti^mi I I -VJ5e{t^i^#3»#:liAt±fHS<ti^ 

I I I -V)^{t^ft¥#^SS0£M±-C±fEm2 0 
<»: iSgJ^ftfi b t i J; ^ »C L fc C <h * #® <*: -r -5 ^» 

[m^m2] JifE^fti^^ I I I -V]^{t^i^i##«: 
«SrfiXS$1i--S)Sfl(c:±fHm2C0«^^±fBSfl:^l^ I I 

5feLT*5 < J; p »c Ufe ;i i if 5. 1 ia«« 

[f»*313] iESfti^J^ I I I -V«^{t^!|^#»#: 

*LT*5 < J; 5 (c bfcc t *!|tSi:<>:-rs»d?« 2 fE«o 

C»*3S6] ±f5S{ti^?S I I I -vm^«fe^#^* 
-r ^ J; p Lfc C i S:#gS[if Sf«*^ 2 

^z.t tr -sw*^ 7 iB«®##fl^^^^^©s 
im^m 1 0 ] ±isx ifiimit^x. v^yif-^ 

[19*311 1] ±IE^{ti^l^I I I -V)^<t^iij#» 

CiS^jg 1 2 ] jiiam 2 coii«»i±ie^{t'^?^ i i i 



(2) !|$M 2003-124573 
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[f»«JS 1 3 ] ±M% 2 ©MtS*t^^$ nfcgi53i^*^± 
1 4] ±fE««®o«S«±ES{k#)iS I I 

10 

\mim. \ 5] ±fE«®Bro^®«±fE^{t<i)?S I I 

c«5ji3S 1 6 ] ±f5«^o^ 2 (Dmm%nmm\zm^\ 

[«*JS17] ±IS«&«^2 0ffii^ttA:^^^«fC 
20 #»ft:^^*^^OS!ljt:^ffi. 

[«*^ 1 8 ] ±.wm.<nm 2 ©«««g:^r}^*&T« 

Ct«*3l 1 9 ] k.wm.<Jy'^ 2 ©M««iE:^1#^^«fc 
^ffla«){cE?iJLTVi-5C:t*!|#m<!:-r-5«*JSlE«<0 

\Mim. 2 0 ] sv^{ciiflEt-.5-o®±ie^ 2 wffl^ 

wmBI«2 0 infel±T*SCt*!|t»i:-rs»*JHl 
30 [f»*^2 1] StMC^JtfS --30^13^2 Wffit^ 

Cf»*«2 2] StiJC|SSg|-r-5-O<D±E^2C0m^ 

(^rfflps«i 0 0 nm^x±.x^^z.t.^m^t.-r^mim. 

[fl*« 2 3 ] ±flB^ 2 ©ffl«rol25"J^»ltt 2 0 M m 

[W*JS2 4] ±iE^2<DM«<©ia^J^«Stt5 OMm 
40 £t±-e*S::t*!|$a<!:-rs«*JSl 6gE«0*««:§« 

mim. 2 5 ] ±fE^ 2 ©ffl^C0E?"j^^« 10 0m 
mim, 2 6 ] ±fB^ 2 cOMi^«^3£#^ttttO0tt 
[fS*«2 7] ±fE^l©<S«<»:±iEm2©<!i«t<0 

50 5|ii^te{a:^*j:oet'im3 0¥i^tefisgfi*#-r^m3 



3 

c«*jg2 8] ±m^<mm i i i -vj^<t^#)*^ 
i^mi>^±m.^it^^ I I I - vii^{t^%##ft:a«®£ 
iii±-e±Em 2 <Dmmis^zs±fE.m 3 ©Mtttjassfit 

[|»*JH2 9] ±ISS{b<^J^ I I I -vm^!^*» 

li«*±fB^{t«!l?S I I I -VJS{t^igj^«ft:S«©i 

ffi*^ ^ '>^j < <i: — SR^* Ix T *5 < <t o tc L. C i &!|# 

3 0 ] ±IB^ 2 OfW«©itS« 1 0 M m£t± 
1 0 0//m£tTT-*^C<i:*#®t-rSgS*3Mlfa«<73 

[W*JS3 1] ±iam2roffi«(DitS(S2 0 tfmti± 
5 0 Mm«TT*-5 C t Sr!^Sit-r-5fll*« 1 iB«©# 

^©jfiScfcO 2 0 MmJ!y,±2 0 0 Atm^J^T;^#t/iC iS: 

C»*JH 3 3 ] ±15^ 3 roM^roitS«±fES 2 
iK®iSSJ;0 4 0 Mm£^± 1 6 0 m mjlil,T:*:^(/^C i€r 

m^m 3 4 ] ±mm 3 «ffi«©itg«±iEig 2 

«tWilSJ;0 6 0 Miniy.± 14 0 Mm£tT:*:#t^c<fc* 

[®*« 3 5 } ±mm 2 (Dmm(o^i^m^mmit±m 
m 1 <Dmm<Dw-mi^^^&<D 5 m&.±-c$>^:i t 

m^m 3 6 ] ±mm 2 o)mi^<nw-i^m^^&it 1 x 
imi^m 3 7 ] ±bh^ 1 cDM^ospi^tefir^stt 2 X 

1 0' c m-ti.T, -hlH^ 2 1 
X 1 0' cm'&.±'C$>^Z.t^mmiit^m'^miti 

re*3S3 8] ±fBm 1 i7)mi^co^i^te<4^S« 2 X 
lO'cm-Ji^T. ±lHm 2 <Dffli^©5pl^^{4^gH 1 
X 1 0 ' c m-'tt±, ±flH^ 3 (D^ltcosizi^fefirsati 
1 X 1 0' cm-'<i;0/hS<. 2 x 1 0' c m-'J; 0:*: 

[f»*JS3 9] ±m^itmm i i i -vmit^<^^m 

I n. A s , Ni-.-, 
P. (fctzl-. O^x^l. O^y^l. O^z^l. 
O^u^l. O^v^l, 0^x + y+z<l. OSu 
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+ v<i) t)^iitjii,;iti^mii-r^m^miMm<D^^ 
[f»*«4 0) i i i -ymit^tm^^m' 

ft:a««A 1 . B,G a,...,-. I n, N (fzt^L. 0 
^x^l. O^y^l. O^z^l, 0^x + y + z< 

m^m4 1 ] ±m^it<^m i i i -vmit-^^^n 

l*:S««A 1 , G a,.„ I n. N ifti£L. O^x^ 

10 1, o^z^ 1) Ti^e^ifesct^iRfmt-rsw^^iis 
c«*^4 2] iiE^fti^i^ I I I -vmit-^t^^m 

Ci»*3S 4 4 ] ±m^mt^^^m=F-it^^y-^ ^- h 

20 cDSSifi:^!*. 

4 5] fHi o^i^^RS^* * *-r ^ 

30 ?^ I I I -VMt&i^#?9^^S««£®±TJifE^2(D 
i HmgEfit L ^£ J; p L d t * <i: -r -5 

(Dmm^ K> f^mmmf'^m^<Dm 2 (Dmmmmmzm 
m±\zftytm^mm=&mm-r^m\:¥9^i i i-vmit 

40 jifESg{b4*j» I I I -vmit'^m^mi^m*^±m^im 
m^tm.mmMLfjit^^^vizvrc^ii^mwL^-r^^^ 

[f»*« 4 8] mi ©spi^teti^ttsrwr sisa*^ e> 

50 2<Z)spl^$te&SBa?£*-r-&1S©C©m2«®*S7S^«aiJMlC 



5 

£m±izm^mm^mf5iri>&m^ i i i -vmit-t 

±^^it<^^ I I I -ymit^^^m^mt)^±m^im 
mm.tmmmmi^fji^'^^'itzLftcttimwLii-r^^m 

m^m 5 0 ] ±w.^mi^m'f\t^tftm'=FT$>^ z. t 

ss^jLTi.>^^ftti?s I I 1 -ymit-^!^^mi^&w.<D 
^m±izm'irmr&im^-r^^itm?ki i i-vjgi^t^ 

m.m.izmmmmvu^^^^tz\^tzz.ii^^mtr^^m 

[W*^5 3] l^Bt)^<bti.^mi<Dmm'Piz::<D^i 

(omm^ 0 m^mm^^mwc<Dm 2 (Dmmmmmizm 
m±izm'i'mm'&mfiSL-r^^{tm?^i i i-vmit-^i^ 

mi I I -V)^^t^t)¥^^S€w±ffiJiT'±IB^2© 
T. 

i^tmmmmLr.i.^^^oizvrcz:t^^mii-r^^mw 

Ui>fH 1 (DfRm'Piz±mm 1 ®sfti^i«jBBSffiJ; OiSt^^ 

2 <r>w-m:Km^&t:mt^m^<Dm 2 (DmmAmRmiz 



(4) !^|B 2003-124573 

6 

t^^mwm^0i^^-^i>z.t\z^'o^^^^^^^^ 

T, 

Ti&-r^^o\z\^tz^mv^w9tm^(D^mim.x$>'DX, 

c»*3a 5 7] mi ©^i^tetesa^wr^ites*^^ 
2 o5pj^tefi«s**-rs«»®s 2 

[»*J15 8] mi«5^1^^^R5SS<£:*-rSi®S*>e. 

30 ±fai|i#ft:®7Jt±IB##^a«WiW±T±fEm2 Wffl 
« i: leSSM b ;fJc > J; o b 75: C <>: ^ i: -r S 

[S5K«5 9] f&^f}-^ibu^m\<om.m.^\zz.<Dmi 
'^\z\^rz^mwm^<D^T&iim.x$>-:>x. 

« t it SJSftfi b 0 » J; ^ (c b c .h i -r ^ 

40 5g^(D®iS:^fe, 

/i^M 1 wM^4>(c±fem 1 ro^jzi^te&^s J: 0 iis^^m 

e3?iJ b T sa«©£Si± C g?^«jfi SJgfiK-r * ® SrfiJc 
ft^f -ar-S C t »c J; 0 $Sifif S «fc 5 bfcljl?^©® 

m.i3mx$>-z>x, 

b/j:(/» J: o \z bfcd t&iRfat-rs^^ofiit:^^. 
[W*3S 6 1} Si <D¥i^^«:RSa;a<&*-r-2)i^SA^ €. 

50 7jc-5Mi<osgi«'t"Jc±lsmi«©¥i^i«:RBSSJ;t)ji5t^m 



7 

[fs*^ 6 3] ^1 cDiFi^te<a^a^&wrsi»s*^e. 

2 ®¥l^tefir5gS<£:tTl.ttS:<Dm 2 ®®«c*i^ 1 
ipKC^lomRST^MiJMJcBa^iJb. ±IE^10:^|pJ<!:ifi 

ic-r^m2o:>:^miz±mm i «mB5j;o/jN^t.>^2cDffl 

»I I I -V)K{fc^tl^^»{^a««^®±T±IB^2® 

mmtm^mmLti^^^^tzLftciii^^WLii-r^^m 

2 <D^i^xmmm=^m-r^mik<Dm 2 (7)^^*^^ 1 w:^ 
mizmKDmmx'mmmizmmL. ±mmi<^yj^tm 
^r^m 2 <D:^f^iz±mm 1 owsi<t 0 2 ©m 
R^T-^aijWfcBa^jLTi/i-s^ftife?^ I I i-vj^^t-s-!^ 

I I I -vm^i^#»ft^^fi£s^-a-sci»c«to* 
j^i I 1 -vmit'^m^mi^mw.(^^m±x±mm2<D 
<DmigL^ommm^m^^m^(Df^ 2 (omm^m 1 

icM 1 ©WRiT«IiJM»cE5<JL, ±IS^ 1 <Di3\Pitm^ 

T^m 2 <Dij[^\z±mm 1 <Dmm^ 0 /h$ 2 (omm 
xm.wmtzm^\i'X^''^^im^i i i -vi^ft'&i^ii^ 

■^fjmx^t-ox. 
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I I -vj^{t^iKii|£»«:a«®£iii±T±fEm2® 
m«t i it b t, i J; 5 fC L d t t f 4 

Ci»:*^ 6 6] mi WT^i^a*^ e> 

<r)mmmf^^\zw-fTizm.nmizsimi.xi^^^mimm i 
mi^^ytmT(r>^myjmx'& o t, 

J^l I I -VJS|{t^%##«:a«OiM±T±fEm2© 
<*: It ft^tt b 7i t i J: 5 (c L. il t t -r -5 

6 7] mi ©¥i^^ii(S5B«*#-r-5iteii*^ e> 

2 (D^i^iKmmm^m-t^mmwzm^-r^m^cofH 2 
20 (Dmrn^^m^izw-fTizmmffuzwimLXf^^^^imm i 

mtif-^^m'f-(Dmmysmx'S> ^ t. 

I I -vm^«^##<^^S«<©£ffi±T'±iEm2c75 

mmt]$.mmmvtjii.^j^z>izLtzct>s:!^mii-r^^m 

Cfl*«6 8] iKffi*^e.7S:5mi OSlJKf icdomi 

30 ©ffi^=k 0 iteattAW^V^lti^tt{c3^ffi-r-5i«»wm 2 O 

mmmi'^izw-ffizmfimtz^mi^xf,^^mit!^m i i 

fiKfSgftifeJ^ I I I -V]!S{t^%¥#«:^<&fi)c:g$-& 
5 d i: J; 0 #»#:%7t^T*S!iifi-r-5 J: 5 Ic Lfc^l^® 

±iEg{t%* I I I - vm{t^!^^mi^mi)^±mmitm 

I I -VMt^tl###:S«ro3EB±Tr±fEm2(D 

mmtmt^mmL/jii^j^^tzLtzz.t^mm.i:ti>^^m 
40 6 9] mi ®¥i%tett^KS:*-r -siisa*^ e 

i6]{cm 1 (DmrnxmrnmizmmL. ±ism i ©:^i6]tit 
5^-rsm 2 o:^iigtc±ffim 1 ©miHi; o/h^E fc»m 2 
PHTsaiJWtcBE^jUTt^ssYti^is I I i-vmit^'^ 
^»t^mw.(OMm±izm^mmt:mfSi'r^^it^m i i 
I -vm{t'^m^u^Wim^0z^^-&^z:ii\zjiK)^mi^ 

T, 
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im^m 7 0 3 mi oyw-i^xmms.^mri,m^f)^<i 
2 <D^i^!K.mmmt:mti>m»i<r>m 2 ©««*t^ 1 

r6](-^ 1 OWRiT-^IiJMfCE^iJL. ±faS 1 »^l6]<hfi 
3S-r2)« 2 «;^|6HC±fE^ 1 OMRiJ: 0 2 <Offl 

BiT-SfliJMicBajiJbri/^sgft:^!*! I i-v«{k^4S) 

^mwm^(D^m±izm^mm^mfi!i-r^mti^^ 1 1 

T. 

±fs^<i:#i^i I I -vmit-^<^^mwmf)^±m^<m 
mi$.tmmmmhu\,^j^o\zi.rz:ii:t:^mtr^^m 

izm 1 ©IfflRiT-^IiJWlcBB^JL, ±ism 1 (Dz^mtm^ 

■r-sffi 2 o*i6]fc jibh^ 1 <DWSi i 0 /h^ I'i^ 2 (Dmm 

X'm.mm\z^mvx^^i>miti^mi 1 i - vMt^tjii^ 
#^^««©i®±(c^^«ifis-fl^fig-r^^ftt)?^ I I I 
-vmit'^^^mt^m'&fSim^it^:itiz^io^mwm 

±Mmtmm I I I -vmit'^«Si^nv^mti^±.umm 
» I I I - v«6{t:^i^^#{*:a«®^is±T±fas 2 © 

t atggEte U t > J; o fC L i Sr iRf 8* t -r -5 
[f««^ 7 2] ^1 n^^U^W^^-ti>t^MLi}^ h 

2 (D^i^i&^m&^mt^mmmzm&r^mmcDmz 
<omm<m^iz^n\zm.wmizmmvx^^^^it^m i 

1 1 -vmit'^'^^mi^mm.<n^m±izm^mm=tmfSL 

T^mt<^Jf!l I I -ViSft^igS#««:H*^S$-e-S 
C t »c J; D i|i#<*:^^*i!tifr S J: 5 Lfc^j^iS^^T 

±iB^<t'gjjs I I I -vmit-^m^mi^m-fyi^m^im 

I I -vJSfe{t^!^#^«JS1S<o^B±T±iEm2ro 
®^ i: it }^}^ ® L t i J; -5 IC b ;t d t t-r -5 

2 o¥i^^;RB«a^*-r -sit^^trMft-r ^laiswm 2 
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3^1 I I -V«|fl:^^#3J«:a«©£M±T±Em2© 

fflit t agE^fis b 5 c L fc c t -r * 

ffi®*istitc5pfTt'MaiJB<)(ciB^JbTVi-5^{l::i^JS i i 

1 -ymit-^!^^mi^mmn^m±izm^mm.^mis.-t 
i>^imjki I I -vmit^<^^mi^mt:fs.m^it^c. 

mm:f3mx^-:>x. 

m^tm.mmmLfA^^^t>\z[^rcz.t^<i^mi:-r^^m 

u^mi <oi^m.f>\z±mm 1 ©^i^iEffiagftj; oits^^m 

2 <Dw-i^^&.mm.'^^-r^mscco^2(Dmi^^^m 1 o^:^ 

|p)(rmi wfflBST-^iije<)icE^Jb, ±iaiBi©::^|ii]<hit 
20 3c-r-2.m2<D:^|6]fc±iBmi a)WBiJ:0/h$l/^m2©m 

^^^m=f-^mm-r^^ o \z \.fz.^M^^^n=f-<r>^^ 
■nmx^-ox. 

^ t iflJ^Sto b/i J; 5 »c bfc C i &^m<i:-rs^J^3S{<i 
[»*3R 7 6] mi ro^pi^^RBSgffiSWr «>ifeS*» h 

1 (Dmi$L'¥iz±§s.m 1 <D^i^xm^mj:om^^m 

30 2 ospi^is:ii<§^s^*-rstt©co5m2roM«E*^mico:^ 
(Bjjcrn 1 iDmmxmmmtzmmL, ±mm 1 o:^(B3tii[ 

3?-r-5m 2 0:^l«Qtc±fgm 1 ©WRSJ: 0 /hS 2 
RiT^M'Jfl<] (CBH^J bT (.^.S ^ffi±{C^JtPg 

m.iim.mmmLm^^oizi^rz::i^t:mmii-r?>^mi^ 

40 [tt^JS7 7] ilSa*»6?5:-5miroffi««flCCl©mi 

1 «WSST«iUe<)lciS?^Jb. ±iEm 1 <7):^|6]i:iE32 
r^m 2 ®:^frS]{c±|5m i J; <0 i.^m 2 ©MRS 

x-mmmzmm Lxf,^i,i¥^mwmm.<D^m±izmytm^ 

jft-r ^ ^ 5 »r b <0Sgjft:Sr 

«<i:itS}^@!! bfiU J; ^ JC bit i: i t-r*¥»fl^ 
50 5!^lg^WSJjS:^ffi. 
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m^m 7 8] ^1 (D^i^mitL^m^mr^f^^i)^^ 
2 (Dw-m^i<L^s.^m-ti>mmmzmtE-r^m^<Dm 2 

0±® ± IC5!^5g^ «} it J^fiX-r -5 ^ 
S <*: C J: 0 ^}i««t%Jt3g^ *«jg-r -a.}: P IC 

;i i tc J: 0 #«fl!:5l^^^«:Sjfi-r^ J: 3 \ZVtz^mW- 

2 <r>^nm^mm.^mt^m9L<nf^ 2 (d<!r«i**« 1 

|6UC^iroWR|T«M'JWfcEa3?'JL, ±fEm 1 ©:^|6jiit 
3?t-S^ 2 c^:;^i^nic±fS^ 1 ©WPS J: 0 t/^^ 2 <r>m 

m-^m.mmzmmvx^^^^m^m^(D^n±.\zm'f-m 

T. 

ifiltc^lcDWRlT^I'JWiciHJiJL. ±iE^i w:^[p]<hit 
3?t--SS 2 <^:^l6]{C±Em 1 OWra ct K> t,^^ 2 WW 

T. 
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cbjr^ss] mmt^^u^w,i(om.m'^\zz.(r>'m\ 

cmi<7?WRST«B'JMlclE5"JL, 1 ©:^(6)iit3Jf 

T^S 2 <?5;^|fillc±fSm 1 (r>mm^ 0 t,i^ 2 <7)fflBI 

x'mwmi,zmmLTt>^^^m^m^<o^m±izm'f-mm. 
7S:-5m 1 (Dmm<piz±m^ i w¥i^te<4^fSJ:o«^^m 

<t iCck 0 ###:^T^©jfi-r J: 5 fc O 
^ t it J^i* M U I' i J: f> fc L. it d i * !Rf t f 4 

[«*3i8 5] mi ©¥i^^^RS!g«*w-r^sgaA^e 

30 Slit:^fet?*oT. 

[i9*Jl8 6] iSS*^^/j:Smi <?5^^cftCC®mi 

m.mifi-s.^^\z^n\zm.mmzmmvx^^^^m-^^WL^ 

^m±.\zmTmm^m}S.-r^^m^m^fS.^-^'ii:^^ii 

(- J; 0 ^i^^ft:^^ ^iliift-r^ J; P \Z Lfc¥#<*:SgTWSi 

® i: it L. fj: t i J: -5 1' U d t t -r S 

8 7] mi ©¥i^e<4S«2r*t- ^KSa*^ 6 
1 <^{R««*'lc±lsm 1 «)¥J^iEfic««J; osi^m 

2 ©^i^fefirSBa$*-rsfflSc(Dm 2 ofs^d^m 1 
\fl\\z^i(r>mmxm.mm\zm^\i.. ±fBm 1 ©:^ifi]tit 
3£t--&m 2 ©:^f6]ic±fam 1 ©iwBi<t 0 /jn$ 2 cow 

fiK-r^S^fiSfi^-tt-S d t »c J; 0^^=^SSitf 4 J; 5 »C 
50 bfc^^<0$Sil;^ffiTfeoT, 
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[f»*3i 8 8] ^1 (Dw-i^iKm^m^mr^i^^t)^ b 
u^fH 1 w^iic4>ic±fEm 1 (Dw-i^xmm&^oM^^m 
2 <D¥i^^Rssgs^&*t--5«aom 2 (D^mam i 

i^-t^m 2 C0;^|6]lC±fSS 1 (DWRI cfc 0 /h$ 2 Wffl 
d t IC J; 0 Sg^ $S!jg-r-5 J: ^ 

®Mi«J; f5 i^att*<»t>«Sc®m 2 1 ro^iii] 

2 (D:^r6]tC±fE^ 1 (OWfiSd; 0 t.^^ 2 WWfil 
■r-SSSr^fiS^-a-^ d i: tea; 0 ig^SSSifif'S J: »c L 

®^«*t]§:t,MC3iifTlC«I"Jfl<)tCB25»JLTt»-S>a«<7)iH 

^izmTrnm^mmr^mif^-Bi^ii:^ c t tc o 
mi^m 9 1] Ml o^i^i^Rsmft* wf-siig^*^ ^ 
±\zm'f-mm^mis.-r^m^^-m-^'tt^ d t tc j; o 

[W*«9 2] i^ffi*>e.fj:^Ml«ffi«4'(cdcDMl 

J; 0 i^^m^mMmmmzm^-r^mm.(Dm 2 <d 
izm^mm'S:mf^-r^m^fS.m^-it^ c i: tc j: o^^^* 

9 3] mi ©Ti^te&sa$*-r ^. 
2 (Dw-i^miSLm&^^-r^m 2 ©^iaESrwr-s^^ttu^ 

I I I -v»ift^«|iJ£»<^S«<oi®±JcS<tiK(* I I 
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±m^imm I I I -vmit^m^mi^mi)^±m^<m 

M« i it J^S® L ^j: t i J; p f C L d t € It ® <»: f S fg^t 

mmm 94] Ml (ow-t^{Kf&^s.^mr^mmi3^ e 
2 ©spi^^pg^s^w-rsM 2 wm^^wT^^^ti^?^ 

I I I -vm^i^#®*^S«<^iffl±(dg{ti^^ I I 
±flS^<ti^?^l I I -V]!S{t^%#s9«^ra*^±IBS{t«!) 

»i I I -v)K<t^!^¥^«^s«®iiS±-c±iaM2o 

^« <»: iS^S® L ;S V ^ J: fd L d <!: <»: -r S Sft 

[fi*^9 5] cDM^tcf'lcdcDMl 
OM^ J: 0 iiSatt^W.t'^M 2 roM«<£r*-r-5^fl:i^;^ I 

1 I -V)Kfl:^«5i|£#<*caiS©iiS±(c^<kigj?S I I I 

20 ±BSS{ttl?S I I I - V]!S^t^;^¥»^^B*<±fS^{ti^ 
I I -VJS^t^#|##fl£»«CD^iii±-C±SM2(D 

m« i: IS^^M L /^c t ^ <t 5 (C L- d <»: ^ #® r S S{t 

[f»*Ii9 6] Ml COspigeffiSS^rWf ^iSSA^e 
30 i^<hit}g}tfi4b/j:i/iJ;^[dLitdtS!^®i:-rS¥#fls: 

9 7] Ml (^w-i^iKm^m'&^-r^i^m^ <b 

t£.^m 1 c^ffi^tftcilBM 1 (TJJPI^^BS^SJ: OiUi'^M 

Jifa¥#ft«*^±ISit^»#:affiC03Effi±T-±iSM 2 
l^<hil}lE}gM b Aj:t> J; 5 td LAcd t t-r-5*l»{^s 

40 [i!*JS9 8] mm^<bu^m\<om.m'\z:L<r>mi 

±\z^mi^mt:i&^^it?>^ o \z Lft^mi^mo^j&^ij 
mx$>-ox, 

1^ i it }g ^ fii U ;i t, » J: p Jd L fc d t * ^ a <!: r * ¥ 

[i»*3» 9 9] Ml (D^i^teisirsa* si^a*^ e. 

Aj:*M 1 co«B«tt« t JifSM 1 0 iS^^M 

2 OTSFi^e<SSffiS:Wf -SM 2 CDmi^^^t^&W.(0^ 

50 B±ic®*fi£g^F-e-*J:^txL/i^cDj«g:^ffi-r&o 



(9) 

IS 

T. 

[is*3i 10 0] mi (Dw-i^xmmmt:m-r^m^t)^ 
<^u^m 1 ©««tfJc±fE^ 1 <D^^i^iK.mmm^om^^ 
m 2 <D^i^iKi&mm.^m-r^m 2 cDf^«E**-r-5S«o 

[0 0 0 1] 

i^m<DfS!.^jjmii<i:z^mof^&:f5mzm^, m^it. s 

imj^i I I -V)^^t:-&4iii#»ft*ffli^fc#*#:u— y* 

CO 0 0 2] 

Ct«e*®fe^ffi] GaN. AlGaN. GalnN. Al 

Ga I nNUi£<om\:<ikihi I I -vmit-^^^mi^ 

tt. A 1 G a I n A s ^ I I I - VJ!S{t^%¥»#:-^A 
1 Ga I nPmi I I -vm<t^i^^mWiZit^X/'<> 30 

I I -vjg5<k^ti#«<*^«, iSiniiS75^e>iitfe('^ 

A--C*«.%^^^'f ;i— h* (LED) 

[0 0 0 3] c:ne)«)^{t#j* I i i -vsi^t^ 40 

±^\>^z.t., «aj^«4 0 ox:es$T-©iS5iai!)f^*ipi^g 

T^.5C<!:. iiiti:. «ajK.«M I S (Metal-Insulator- 
SeiDiconductor)^iglw:&(t-&i^lik€CD^i^lCA 1 N^ffi 

CO 0 0 4] cwa*^, ^{t^^^i I I -vffli{t;^#|iji so 
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mi^<o-&mt:vxit, iy.Toi.i:*«^tf en-5. 

(1) f?fte»14**GaAs^#»«:/j:t'<fc0fcS<. iS 

(2) «i^Wt^MIC^3£T*0. Sfc®a[t>iS<, H 

•ttj.iD-^. A I Ga I nNT^^mmt. mf^mm^^mn 

A 1 G a A s ^#»«i:lC*Jtt€> tSS 
(As) . Z nCd S S e*i|£gS{t:lC*5t-tS* HS-^A 

(Cd) ;^c^:l::ffis•r-5*^^s^^3J:aJ■^•®IIlp^ (7;pv> 

(AsH.) ) Uii^^mi^fJ.f'K 

[0 0 0 5] \^t>^Ltiffi<b. fie*, ^itmj^i I i-v 

m^<o\zm^ti.mmmp^t)^ti^^iii'^vmmA^$>-:>rz., m 

\zms,K<r>f^^i»^rzsbiz. &LT(r>^m^^mi$> 

•5. 

(1) flIfiXWiPI-COGaN. AlGaN, Gal nN*i^& 
'l'^WL(OmU^±M^?hX'$>^o "tOifzlsb, ^it^Jh I 
I I -VMt^«*(¥«<*:ra±^J:0;S«i:®Wtz, i^^ 

•S)o 

(2) GaNtClft^fi^-rSiiSia»»«*^*fe*l8l6$n 

Tti^Ct^. GaAsJ^#^^^-^Ga I n P;^il4#<^{Ct& 
^S^-r«)ii5iaKG a A s SIS^. G a I n A s 

(3) mmmi I I -v]K{t^!^#»^rosis«-)^o 
'iJS^frfc. *<ii 0 0 ot:©ii5t^i^s^Sias*3«J:tJfv 

CO 0 0 6] iJl±«J;e>/^cgS(rJ;0. mt^^l I I 

^T-. ii5iS.KtD2^;t«3'r>5^S«A^^^(C#^i|^^tl 
•5fiJ^*^*S*<. -e®— ::^TGaN<h©t&^^7Fll^d«>c 
(««ji 3%) . ZL<r>tzib, -b-^T-f 7S«±c«® 
fi£g(Cj;OGaN^A 1 N*^ e.^£-5/\*-y 7 r 
b. ^©±(C^<ti^iK I I I -V)Kft^tl^«ft^Sr«£:g 
S-ti-Tt^-S. CinfC<ktl«. ^iKScD^fti^^S I I I- 

©^i:P«?Ea«l&^^^-&S:KefeLT«aJ;t«l 0'~l 0 
• (cm-) SSfefeO. «sJxtii^»{it:U— tf»c*3i/iT 
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CO 0 0 7] -tj-^r-f 7a«fc»ic:cDS*Mc. (i)S 

amm. (2) ■^yr^TA^mm^nfttbrnm^m*^^ 
B)t:gi»*wv»<!:. s<t!fe»i I I -vmit^i^io^mi^t 

[0 0 0 8] -ti-^y-f 7a«0<fc3C4&^)eft®S7&:S 
^^j^M^^^ (Epitaxial Lateral Overgrowth; EL 

o) ^m^-^^yjm^&^o ELo-ett, mmmtzmi^^ 

n&mmmi^ (ai^s-h^^»^#. ^-^mun) tti^m 

(Sfc«y-X^i®/HU'r>ffl®) KI!iJ:0::*:#<i: 
•l>Cli:*«T#.l>. ELO®^»! 1 0~2 0 

-5. 

[0 0 0 9] -y-^T'f raSJiCELOSrfiJfflLTSg^ 

(1) ELOC£vS«cIigScA«#l.i:itlc:j;0*eS0 

( 2 ) E L O JCig5.S/d:^J-fc*JtiSgaiK0A^ii;'ct-^ d <»: tC 

(3) ^^-y-'f XcD$iJ|E*^*-5, L ED-^>'^ hT'-f^^ 

i/;? (PD) :tej;c;JA«^^^7ii:. ELomm^o±^ 
[0 0 10] a±<Digpgii«. ms,m<Dc aN&mm 

Cin«. GaN«HVPE (/N^-f (-J;o 
(0 0 1 1] <^m2 0 0 1 - 1 0 2 3 0 7-^^®IC«C 
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[0 0 12] 

0 0 1 - 1 0 2 3 0 7 ^^£:m^zm^^tltc^m\t, i^iz 
nitmm&G aN&mzimxm^&<omm (ht) t 

AtCS^^f^, Z.<Dtzisf>. C^^iKSG aNS«±IC^ 
I I -VJS{t^#)i|£##:^SfiStfi$-&Tili#«: 

<OM«E*^%^M^{-?^fiKSnT L * CI (D^m»^ z.t*^ 
[0 0 13] L/i*^oT, C©%q«Ai«)5tLJ;fii:-r-5 

^mm-r^z.tiz$>^. 

[0 0 14] J;i3-^6<)('(i. :L<D^mAm^L'^ot 

[00 15] ^eic— jiswfxa. z.(D^mf}m^i^J^v 

[0 0 16] Sfc. C«fl?g7&t«fi^UJ;5i-rSSIS 

^<D'&m<nm=f-(n^T&\zm^^x»mt^^itm%i i i- 

[0 0 17] 

40 jRi*-r'5fc»JC»l*«^i**ffofc. ^<DWm\Z-Z>\^^XWL 
[0018] 2^%5g#tt. 2001-102307 

A%mwLts.E<Dm^umm.±.\zmmm^^^\^^i?\f^x 

p C i: IC J; 0S5^RS!EamJ®O?gfiKteffi*S!lffll-r -5 d i: 
50 iBaiS.M«eS:S^^K<Difgam«€-JEtf5>C<i: 
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CO 0 1 9] mi^^^tit. m^ii^m&. # 

SM (7^:;i'7 7 7.) $fc«#iKa<OGaN^, AIG 
a I nN«ct*©G aNtt^l-WS^tiSl* I I I -vmit-^ 

(37) iiu^mm-vs>tuiii<r)^oumm-r^$>-DXh 

[0 0 2 0] ^OJ;^);^ca«<&ffltiT¥#^*:U— tfJtcf 

[0 0 2 1} droPnlSJi, *T(C^ffl-r^¥##:t|^K 
±izmt:f$.^^m>m-^lz'b^:i^%<r>x$>^, 

izm-Dft^<Dx&^. 

[0 0 2 2] -rtJ-f?*,, ±BSSft@*«*t--S./i*tC, ZL 

m 2 ©¥*^!etes«**-r sisfScoM 2 ©m«*i«a'jw 
tcgB^jLTti^^{i:^?s I I I -vmit-^ii^^mi^mm. 
<r>±m±\z^ytm^mm^mj^-r^^it^??! I i i - v 

^^iSiSf -5.}: izi,rz^mi^^^mi^<Dmm.i5mx$> 

oT. I I -vjs{t^i^^»^S7j^^{ti^?^ 

I I I -V)||<t^!i!l^#<*S«<73±®±Tm2CDffl^i 
■5. 

[0 0 2 3] ^{tt)3^ I I I -vmit^i^^mi^mt^^ 

itm^l I I -VMt^^^S*t:»1S»±ffi±T-^2« 

m.m.iiiM.mmmi'Ui>^^oizr^rzi!(>iz\t, mi^miz 

m^-ti:^mfzm2(Dmm.=&^it^^ i i i - vmit-^^ 
^mf^mw.<o^mA^ i^^puKt fc-a?^* l t ^ < ± ^ 
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2®m«<&^S5^5feL.T*5<cJ;^ilcLT*jit/i, ^2© 
10 ^:SLy=}'yif. ■1'5|->S U IC J: Off 5. 

[0 0 2 4] ^{t#)jR I I I -vmit'^^^mi^mti^'^ 
it^jki I I -vii^{t^«^¥#{4^a«®^B±-cm2« 

®^M^I$ffi®-C®oT*3< Jl^fCUTfeit.^ cote 

fflt^SCtTj^T?^. SiO.M. Si.N 

SOG (Spin on GIass)]|g7it'ro*eiStK©B*\ 
^y^TsJ-y (W) . ^:Uy5^> (Mo) , 5'>^JP 
20 (Ta) ?'j:<fo;g|i!fi,^^®W[-1>^tl6.C0^{k)^^tt*i£ffi 

|^*$nTti^«^(::«. c (7)^2 COM® Ti^l^^^n/c 
co«-&tc«. te«Sro^®ii^{t!fe?^ I I I -vmit-^ 

!^i¥^mt¥mm<o^m^om^^^miz$,^i!i^, 

tt. X «y A >y <D^}£4ffl S C t ^tc J; 0 teS 

H®«si*gft:#jii^ I I I - vmit'^m^^mi^mw.oi^ 

30 Bi— St^-l±-5c:<i:Ai-C^^. 

[0 0 2 5] StMcKSr-S— ^©S2com®«WSi3& 

UTStftl-Sdi, — )Rfl«JfCtt2 0 tf miJ(±feSl^«5 0 
MmJU(±fe-5ti«l 0 0 AtmiJI,±T$>-i). C0^2<Dffi 

fcWBI^i:t>0«#ffiL^ct,i*t. — jSfl«Jfr« 1 0 0 0 Mm 

mmx'$>^. z.a:)m2<Dmmt, ASEKjtc^^ftti?^ i 

40 S. ^l«)fi«4:^2©««i:«)WCtt. ^ 1 ©¥J^fe 

aEr-5::<hfc^<. ^{t«^m i i i-vjs^t 

^^^mwmffi^itm?k 1 1 i -vsjE^t^^i*^**:** 

T-fcJ;^^*^ ^fejffjSfCti. ^ft*^?^! I I -VSfft^ 

!^^mii^mt)mim^ I I I - v»i{t^ti^#{*:a«<o 

50 «. Sfti^J^ I I I -vJKft^ia^^ft^SSfiRS^it^) 
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mzm2 0imm.iij^ifm3<DmiA^^iti^?^i i i - v 

[0 0 2 6] m2 (Dm^<Dmwt. mm&jizit i o m m 
tt± 1 0 0 « mwT. i 0 mmmtzit 20 u m&.± 5 0 

2 0 0 Mmiy.TJ:0>cfr<, J; 0 AMM « 4 0 /x miy. 
±1 6 OAtm£iT::*:#<, gt)ASWIC«6 0 Mm£t± 
14 0 iJ.mKKT:k^^K 

[0 0 2 7] ^2©ffiSE(05|Zj^te<4SS«— flSWtCta^ 

1 Offi«0¥i^«EteSBS«2 X 1 0' c m-'fiiT. ^2 

©«tt®spj^teisr<ea[« 1 X 1 0* cin-'ijt±-es&4. 

Wirfil X 1 0' cm-'J;0/h$<. 2xi0'cm-' 
[0 0 2 8] 

&ii^M^^m2<Dmm\zj^^mmm^m±-r^rzi!i>iz. m 

2 CD«®*^ 1 M mfel>±. SfjifClil 0 MmiJ^±. .fc 0 
»m\Zit 1 0 0 /iimUt±«T, m 3 ®ffi«7!»«#itet-S*i 

^. sfeifjg(c[s« ^mt^^^mT(D^^mmm2CD 

M«t*3<tZ>'^3rom*^<&^S^!;i/iJ:^>fC-r-5. iOA^*: 

mffi ^ L rmwimmtim $ n -sm^ti^ 2 offliet^i^ 

fCiifjSlCttl 0 0 tiinSl±mt. ^ 3 <Dffi«*i#«Ef S 

»h»miz\t, 7.h^^zfiKmm^if\-i^xmmn 
[0 0 2 9] ^{ti^?^ I I I -vmit-^m^m^mm-^y 

^^^itmt^^kl I I -Vi^{t^!^*##:S«, 
j!Se<JtCttA 1 , B, G a,..-,.. I n, A s. N,-.^ 
P, (TcfzL. O^x^l, O^y^l, O^z^l. 
O^uil. O^v^l, 0^x + y + z<l. O^u 
+ v<l) ij^^fi*}^ ^iO^Wm\Z\tA\,Q,Ga 

In.N (fcfc'L, O^x^l. O^y^l, 
O^z^l. 0^x + y+z<l) ti-^<c>UK>. AMSqtC 
(±A 1 . G a,-.-, I n. N (fcfc'L. O^x^l. 0 

^z^i) t^^ts.^. mtm^i I i-vm^i^#^ 

[0 0 3 01 C©S£?8©^2(DS£?3»3:. S 1 ©^I^IXRB 
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i^JSl I I -V®6{t^t)¥#«^®$r^g^-ti-SC<h»CJ: 

<osifi:^feT-&-pT, I \ - vmit-^^^m- 

#®*i^{ti«j5^ I I I -vffl5{t^!^i|i»«fa«roiH± 
2 <!: itSS^® L /J t» J: p C L fc C <>: i: 

[0 0 3 1] dd-c, TJpi^^cRs^Baj m=f-<r>m 

[0 0 3 2] Cirof£W<OS3®55e8«. 

2(DM«*^MaiJM(3ga5tjL.Tt'i^^{t:#iJS I I i-vsi 
it'^m^mwm^(r>^m±.\z^^m=f-mm^mis.-ti>^ 

20 »ft:Jl*^g{tt)?^ I I I -V]g6{t^t)^»#:S«(Di® 
[0 0 3 3] ddT. AMEK]{C«. ^Sa*^e,;^£-5m 1 « 

^2©<fi«E«*!^a. #ieat>L<tt^sM*/::«c:n 
e.(^>-£t±*tjg^Ebfct)©TS)S (WTi^fii) . dn 
it. m 2 (Dm.m(D^*^m&^&$>^<^^itwi^^m^m.ii^ 

m 1 ti«¥l^^R8«a J; 0 its 

30 [0 0 3 4] d<7)%gg«^4«%igti, ^KDW-i^mitL 

0 iBo^m 2 (7)3pj^«5ffi««**-r 2 
(ommmmmzmmLxi^^mmm 1 i i-v®5^t 

I I 1 -vmit'^^^'^i^mt:l&S.^i±^CiziZ^O¥^ 

mi I 1 -vmit'^!^^m^mwL<D^m±x'm2(Dmm 

40 •£>. 

[0 0 3 5] z.(D^m<r>^ 5 commit. mi(D^i^:Kt& 

Pfi^Scfc 0 Bi/i^ 2 (r>^t.i^xm^&^m-ri>m^<^m 2 
<r)mmifim.wm\zmmvx\>^^^immi i i - vmit 
^!^^mf^m^(o^m±izm^mmt:m^-ri>mmm 

mwm^&&&r^j^o iz vft^mwm=f-(D^m.:^mx 

1^1 I I -V)!S<t^!gj#«fls:S«<Z5iffi±-e^2<^®lS 

50 i:iasSfiiL^tc^J;^cufcc:t*!^®i-r*t>«»-ed& 
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[0 0 3 6] c<o^mo>fS6<Dmm\i, iBa*^?>3S«)S 

«tit^SttL^ctiJ; -5 fC Ufc^ t ^£!Rr® tf-S 
[0 0 3 7] Cl<DlS!W<D^4~^6 0%?g(::43(/iT. ^t^ 

>'JX'5'UE<r)m.^^^Vy>^J7.^ (FET) 'p^'f 
D^^A*-1-aJ?-7 h^>v'X37 (HBT) <D^otS.m^ 

[0 0 3 8] Cl«^^Ci^4~^6<75%WlC*3t,iT. ¥ 

\z^^mmm^'m)tt^t^^\z. $^2<Dm.m^(b»m\z 

\^\ um}£K±.. JcOifjgf-ttl 0 /zmW±. ^<b\z^m 
\Z\t 1 0 0 timU±M-t. ^ 3 cD^^Tl^i^ft-r 

D«M3«)^®&^S;^£i.iJ;3lc-r^. CCT. 
[0 0 3 9] C(05!?g©^7 ^ 1 <7)SftJ^te{£ 

^s**-rsiKad^e.«c4^ 1 <r>m^^\zm i ©^pi^se 

^m^^^m=f-^m.m.t^^^ \z x^tz^mw-w^m^n 

2 Offi® t iS^gEM L » i 3 L C t ^ !Hf Si t T -5 

[0 0 4 0] c:<D5!?gcD^8«^?g«. ^ 1 ©spi^^Rg 

PlSSa J; 0 iisv^^ 2 «¥i%^|i(BSS**TS«|gccD^ 2 
®<««*<«I"je<){C|H5<J L T t» « ± c% 

¥»#:%^t?g^^SiS-r^ J; 5 \z Vtz^m-^^tftM'^f-cr) 
[0 0 4 1] ;:«5!ei»^9<D5!eflii, i^a^^ei^t^.^ 

%3t5g^ fi9jg «r Jgfi)t-r S Sr<i)t« -tt * C t »t J: 
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m 2 omiaiit^SSfttL^ftO^J: 5 C UfcC t *^^a^:-r 
[0 0 4 2] z.<Dm^aym 1 0 m i ©^j^te 

1 <r)WSL^\zm 1 ©¥1^ 
iEfeSgSJ: Oils 1/1^ 2 (7)5pl^«Ete^S**-rs«»c©^ 

2 ©ffi^ At^gijaq t'E^ij L T s ¥St^^«1sroi® ± \z 
m^m]k^mm.ri>^mwm^^^^'^i>z.ii\z^Ki^ 

10 feoT. ¥#l*:®*«*«#:S«©*®±T^2©ffl«t 
-5. 

[0 0 4 3] Z.<Dm^(Dmi 1©5!W«. mi(OW-i^^ 

m^s.^^-r^f^^t)^<E>rj.^m i ©mis+icm i ©w 

^^RS^SJ; OiSt,^^ 2 ©¥l^^^|i(S«S<&W^^m©m 
2 ©«*E7&5«M'JB<5(CE3?'J bX !/^-5*^ft:S1S©iM±tC 
3i?^«jg S: ^gfi)t-r S ISS -a- ^ C i IC .fc 0 

^®it-r e> (C bfc#»#:^^©SJg:^ffiT' 
S.oT, i|£#{*:@*i¥©^SS©±ffi±-em2©fI^t 
20 lt»JiML./:£<.i<fc5lcLfcCtSriKFe!:i-r^fc©T^. 

[0 0 4 4] C(D^m(Dmi 2<D^mit, iKSd^b^i^ 
m 1 ©M^* ic ©^ 1 ©^^ J: 0 i^Stt*^^.t'^1«Sc© 
|g 2 ©^®*^^aije<JCBBi?iJUTI.»^###:a«©iS-h 

Ta5oT. ##^t^*i##fl£a«©£ffiJiT-^2©M^ 
-5. 

30 [0 0 4 5] 3:©%gg©Ml 0~^1 2©5!^{C*3t/i 

T. ¥#*^a«fesi'^«#*<^®©tf*4«. 

1 I -V]!S{fc^#)#3St^©«*v ^7;Hyfe;S! (wurtzit) 
mm. cl;0-)S6<uc«A:^ffi»©i|gffifl|jtSWt-Sffi© 

^JxtfZnO. a-ZnS, a-CdS. a- 
CdS e<£t-t?&oTfcJ;<. ^ e>lCttM©iKa^jt<£r 
Wr S-a©¥»i*:T-» o T =b J: Iri, 
[0 0 4 6] C(D^m(Dm 1 3 (D^m\i> 1 ©¥l%fe 

i4«a[^*-r-5)isa*^e;s:-5^ i ©m^+icm i ©¥i^ 

^{flC^SJ: 0 Bt^^ 2 ©spi^teiS^SSrW-r ^«Sc©« 
40 2 ©<iMl«*^«Srje<jciE5IJLTI.»SS«©±i5±JC3g^^«| 

iS^JKflSf ^^^&B£:g$-a-?> C i IZ J: 0 ^Sitf-S 
J:'5{cL;t^^©©jfi:^feT-SoT. S75tS«©i®± 
T'^ 2 ©Ml^ t\6.mmm l.tj.^^J:-^izLtcCtt:^WLt 

[0 0 4 7] C©%^©^ 1 4©%eB«. f^KDW-i^iK 

2 ©«(«7a<«a'JMCE5»J UTV»SS«©i®±t-*f fi5 
50 J;^lcUfc5il^©SSjfi:^j£-e*oT, ®*«»«©3E®J: 
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[0 0 4 8] cff)^m(omi scD^mit, m^A^^fs.^ 
aijfi*fl^B£-r e: 1 1 j; o 5i?^=^$sis-r 

c 0 0 4 9 1 z.<o^m(om 13-^15 (Dmmtz^^^ 

T. ^mi^m^ m^m'f. §L^m^^ 

fr^^-fiif) ®t5*\ ilfll^^. 

€r. EE«3ii^. mm.m=f: ^^m=^^ mm.^m=f: mm, 

of the Society of Japan Vol. 103. No. 1 1 (1995)pp. 1099 
-nil -^Materials Science and Engineering 641(199 

6) 166-173(Cl3^$nfcfero;^Ci\ WfeOTTjtfe'So 
[0 0 5 0] :L(D^m(Dmi 6(D^mit. ^lOW-i^^ 

s 1 (Dys^^tm-S^-r^m 2 ©:^[6jic^ 1 ©wr^ 0 

ti«2©WRST«SiJWfcBE5'JLTti-&^{ttllfe I I I- 
<hlc J; 0 ¥»#:^7t^^4SS[a-r-5 J: o f:: L.fc#»{4i% 

^m±X'm2<Dmmtmmmmvrjii,^^^\zi^itciz^ 
[0 0 5 1] z.<D^m(omi7o^m\t. mi<D^m!K 

2 (omm.t)^m 1 (Dyjt^izm 1 (Dmmxmmmiz^m 

« 1 ®:^riSiiit3S!-r 2 ©:^l^Hc^ 1 OTWRSJ: 0 /h$ 

ymit'^^^m^m^(D^m±\zm^m'T-mm'^mi^-r 

t J: 0 #3S«£ie^t*^=^*iJifi-r« J: 5 IC 

I I I -Vi5|ft^!g3*^ft:S«« 
^® ± -C^ 2 (TJmJS i itSJS M L. I, i J; :5 L ^ C t S: 

[0 0 5 2] 8 05!ig«, l^^ii^^fj:^ 

m 1 wffitgt't'lccwm 1 <Dm^^ommmmMmsi.<r) 
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m 2 1 ro:^iaitc^ 1 wrass-c^M'JMiclE^ij 

U. Sl«):^|pl<i:ie52TSm2<0*ia]IC^l®WR5J:i3 

'h$t,i^2roWSi-cSaije<)triH5>iLTi/^^^^l:#ii^ i i 

I -vmit^<^^mwmw.<r)^mj[i\z^ytm'Tmm.^m 
is.-r^^itm?ki 1 I -vmit-^^^mi^m^^Si-^ii: 

•5 C t J: 0 i|£jlSfl£ie5t3g^ *Sjt-ri) J: 5 

if^i^^mwrn^^^itm^k i i i - vj^^t^i^^i^^^a 

[0 0 5 3] C<D^m(Dm 1 9 ^ 1 (DW-i^m 

m^-r^mik<om2<Dmm:Am'^^\zw-n\zmmmzmm 

±\z^^m'f-mm^mfSir^^itmj^i i i-vjisft^ 
d t Id ct 0 ^^w^ytm'f^m 

20 -vm<t^!^^m-i^mu<D^m±x'm2(Dm.>^iimmm 

[0 0 5 4] CW5!WCDm2 0O%M«, 

mm&^^-r^f^^A^ibu^m i ro^^^ics i coq^i^ 

®SE-r*«i&<^^ 2 oimmami^^izw-mzmfifmizmm 
i.'x^^^mt<^n:i I I - vMt^%i}4^#:a«<^^® 
±{c%3t5g^^«jssrjgfix-r^^{t%?fi I 1 i-vmit^ 

jft-r -5 J; ^ tc Lit *#«^fE^ig^ © jSjt:i^te-efe o T. 

30 mitm^i I I -v)ge{t^i^*sfljeA«^<t^j^ I i i 

[0 0 5 5] C(D^m(r>m2 l(Dftm\t, iSS*^e.!^c-5 

izmtE-r^m^(Dm 2 <Dmmmi>^\z^ntzm.mmizm 
mLx\,^^^itmjf:i I I -vMk^ii*i¥#flca«<o^ 

40 T> s{k«93^i I I -vmit-^m^ma^mti^^itmT^i 

1 I -V)^ft^#J¥««:a«ro£®±T^2CD®«<!:it 

[0 0 5 6] c<D^m<Dm2 2<D^mit. mi(ow-i^m 

(4S***f 1 o«««lc^ 1 

2 (Dmm^fH 1 cD*i6]icm 1 (Dmrnx-mwrn^zmmL. 

m 1 co:)5[6]<i:ie!2-r-5S 2 ©:^isncs 1 oMRi J: 0 
t^m2(0mi!IT«IiJWlcE?iJUTt,»*S{t:ife» I I I- 

50 rti^?^ I I I -vjK{k&!^#»ftcssfi£gs-e--5iii:<:: 
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«M« t it Smftt U /j: 0 » <i; ^ L C <»: * #® t r ^ t) 

[0 0 5 7] ;i<D^m<Dm2 3<D^m\t, mi<DW-i^^ 
2 (Dffl«*i^ 1 1 (Dmm-r^mmmizsmL, 

m 1 ©:J5rffili:ia32-r«^ 2 W^^lPltz^ 1 OWRSJ: 0 

t.i^2<0WIST«MiJS<)(3lS?^JLTt,>S^fti^J^ I I I- 

itm^i I I -vsji^t^igjiii^flcgSfiJtg tic 

:^ffiTfeoT, I I -V)K<t^!^ii^»^^g*i 

mmmi I I -VJS<t^f3¥»**^»««^®±T-^2 
t a SE^lM L i J: 5 C L fc * iltIS t f -5 

[0 0 5 8] C1CD%5«©^2 4<©%^«. )iSSA^6;^C^ 

m 2 <Dffi«*t^ 1 (D^jm^zm 1 «)wi!ii-e«aijMfciE3«j 

miCD:^r6],i:it3£-ri.^2CD:^l6](c^l©IWRiJ;0 
/h$ti^2a5^R§T®Mi|a<](-ge^JLT0iS^^ti^J^ I I 

?>&itmJ^l I I -VMt^iK»^^#:^*^fiS-li-SC 

i tc J; 0 ^siit-rs J; 5 Lrz^mt^m^<n 

Sijfi:^S-c*oT. mmTki I I -vjsj|:^!^i|i#«c 

m 2 t iSgE^te L fj: t i J; 5 JC b d i * iRp?S t -r 
2. CD Tab -So 
[0 0 5 9] C«fgWra^2 5©^^«. ^ICDJpl^te 

'sms.^mt^f^m^^u^m 1 ©fB««f tr^ 1 ©spi^ 

]^&-rsa&(D^ 2 (r>m.m^'s.\^^\z^n\zm.mm\zum 

mwm^m^^'*i^z.L\z^Ki^m-w-m^^wim.-r^^ 

I - vm^^iii#^H;!5t^^l:!l^j^ I I I -vmit^!^ 

IC L il <t ^ m <t -r -S CD T S , 

[0 0 6 0] c:«%^(D^2 6 055!?gti. 
|i(5^K4*-rSi^a*»^;i^^ 1 (DMi^tt^tcm 1 

iKt&^&^om>'m2<D^miKmmm'&m^^Mt)nz 
mfE-r^msi(Dm2(Dmmm^^\zw-fTizmmmzmm 

±izm^mm'^m^-r^mit<^?ki i i -vjisft^^iii 

9S»S*<«:g$ -fr-S C t »C J: 0 #»«^iBT*S8ifiT2> <fc 

I -v]K{t^ia¥»{*:^*^g<t:ia?s I I I - vmit^m 
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[0 0 6 1] dC0fg^©M2 7CD5£^«. f^^i)^<^tt^ 

®±ic3g^^«jt*jg^-r^^ftti^ I I I -vmit-^!^ 
^mi^m^fiSLM^it^:iL\z^o^mi^m'i'^^j&r^ 

10 I I -vis{i:&igjii£»{*:)i75«ig{tfl^)isi I I -vMb^ 

[0 0 6 2] c:©5£W©m2 8<Z>5!W«. ^lO^ftl^te 

fes«**-r^iss*^^^j:*^ 1 (r>m.^'¥\zm 1 cD^pi^ 

2 1 (r>^\p\\z^ 1 ©MRIT'^giJMtcE^JL. 

^ 1 ©*|6]tiit3S-r.5m 2 0:^|6l{C^ 1 ©WRii: 0 /h^? 

[0 0 6 3] C:©%^(D^2 9©%?^«, ^lCD5pl^^»: 

2 ©ffli®*^^ 1 ©:^|pi{c^ 1 ©fflPST-SI'JWiclE^JL, 
^ 1 <D:}3\^t.mt't^m 2 ©*|6i(c^ 1 ©miB.k 0 

2 (Dmmxmwmizmm Lxt^^^^m#&^<r>^m 
J; 0 ^mi^^^m^^mmr^^o \z i^rz^mi^^yt 
±X'm 2 (Dm^tmmmmi^u^^j:. ^ t c t 

iiT^t><OX'3b^, 

[0 0 6 4] z.(r)mm<Dm3 oo)^m\t. mmiii^^u^b 

m 1 Offitt+tcc:©^ 1 ©liJ^ J: 0iigft14*<^ti*gSc© 

m 2 ©ffliic*^^ 1 ®:^[6]icM 1 (Dmrnxmimzmm 

L. ^l©:^l6]iE5S-rf)^2©*[6]fc^l©MRiJ;0 
/Jn$ 2 ©mRITSIUWIClE^iJ bTti-5##{^S«© 

40 ^■m±.^zw^m^mi&^miSLr^^mwm^^^-^'&^ 

iii8±-em 2 ©Mi^tiUSJ^fiili L/Jtii J; ^ ir Lfc C t & 

[0 0 6 5] :i©%?g©m3 1 ©%eg«. ^i©¥i^te 
(4SS<&*-r-5iKa*^e.;ic^^ 1 (Dm.^'¥\zm i ©¥i^ 

50 ^gS«^^<£fi£:^S-e:-5C:<i:»wJ;0iii#fl£fE5ti8^&8!ifi 
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[0 0 6 6] CCD5!W«S 3 2 (D^mit, m 1 (OW-i^X 

[0 0 6 7] z<D^m<7)m3 3o:>^mit. ms,i>^ibfj.^ 

izmtE-t^mwc(^m2(Dmmf}m^^iz^i-rfizm.wm\zm 

b St t, » J; -3 tc L ;t C t ^ !^ i: -r -5 T S> -S . 
[0 0 6 8] c:©fEeB®m3 4 05l^«, micDspi^te 

2 <DM«*t^ 1 1 ©WfiST'^M'JWJcEa^'J 

^ 1 tif[32-rsil 2 oz^^lzm 1 WW® J; 0 

ST*oT. ¥»fl:^d«*S?flcS«<03E®±-C»2©ffi 

S) ■So 

[0 0 6 9] Ciro^WW^a 5CD5SW«. 

RgsBS^tf i.iiga*^?)?^^'?.^ 1 (D^m^izm 1 <^¥*5 
2 offijscd*^ 1 (o:^[p]tc^ 1 (ommT-mwrnizmmv. 

m 1 ©*|pIi:it3S-r*^2 O^lSiC^ 1 ©WSaJ; 0/h$ 

[0 0 7 0] :i<nmm<Dm3 6(D^mit. i^m^<btj.^ 
m 1 (Drnwifizccom 1 oieatt**^t»ifi&cD 

^2 (DfflJ^d^m 1 CD:^l6]tcM 1 <DfflR8TSIiJfl<]t'BH3?iJ 
L. ^l©:^[6j<i:it3<5-r-5^2©:^|6]IC^l<;3mBIJ:0 
/h$ 2 (?3raiiiiT^aiJEK)tcE5'J LTI/»S^»flJa«® 
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<Dmi^tmmmMVfj.^^<ti vizly ft cii^i^witri>h 
[0 0 7 1 ] c(Dmm(r>m2 7 0y^m\t. m 1 <Dw-i^n 

&fi)tfi ^ -a- S C <!: J; 0 SS jt-r ^ J: 5 

10 «:a«®iiB±Tm2<0^«tia»gEftliL?Sl»J;5{CL 

^ t ^ !^ Si T -S t> CO T « 
[0 0 7 2] Z.(0^m(Dm3 8<Dftmi,t. mi<D^i^X 

?£fi!tS^-B-S ^1 <»: J; 0 *S!it-r-S J: 3 

[0 0 7 3] c:©%^®^3 9©5!M«. iisa*^e.5i.5 
mi<Dmm'pizz.(Dmio:)mm.^K)m^mmM\M.miK 
(zmtE-r^mscnm 2 romj^Tj^so^tcw I'^i'JWfcis 

[0 0 7 41 z<D^mo:>m4 o<r>^m\t, 

2 1 1 wwRa-c^M'JwtrBa^tJb, 

mi ®:^lpl,i:ia32-r^m2co:^it6]('^ 1 
^«jt^J^fi!c-r^B&^:l$1t-5 d ch tc J; 0 ^SJjfi 

ffi±T'm 2 (ommtummmi^m^^ o \z c: t s:!^ 

^Stf -S)t)CD-e$)-5. 
[0 0 7 5] C:C0%egcDm4 1<D%M«, mi<0^i^^»I 

2«)ffiJS7!)im 1 (n>^H\zm 1 ©WfSiT^aiJWfcE^JL. 
m 1 (D-H^t.m.-^-t^^2 <D-jj^\z^ 1 ©MBSJ; 0 /h^ 

^^«jtS:}^fit-rseS:fi£S$-e-S C: t IC J: O SrSifi 

®±Tm 2 cDM®i:ia^ggMb75ct> J: 5 »c bfcC i ?£4$ 

[0 0 7 6] d (7)56^0^4 2 <D%W«. iKa*^e.Sc-2) 

50 mi<!Dfi«ttf»cc:(Dmiom«<fcOieatt*<Si'»«»« 
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mi©:^l6]<»:itS5-r-5^2©*|fi]C^l<OW|lii<l:0 
[0 0 7 7] C<0^m<DfH4 3<Dmm\t, mi(ow-i^u 

it^zt\z^o m^'&mm.-r^^ o \z ©ssis* 

ftX'feoT. S;!>^a«(OiiB±T^2©^««!:it^»ftl! 

L /<c t ^ J; -5 ( c b C t ^ 4# Si t T 2. T ^ o 
[0 0 7 8] CW%^(Dm4 4©M^«. micD^l^:^ 

R6««*wrsiiga*^e.?5t-5^ i i ©¥i^ 

L T I. i -saiSW^H-h (C^^tgit t- S S figs ^ 
■e--5 d t iCi: ID ^^^SiS-r-S J: 5 ic LfcSS^ ©Sift* 
ft-C*oT. ®*^S1S(0i®±T-^2 WM®d:ia^Sfi4! 

[0 0 7 9] C:®%R«©M4 5©5£Wtt. 
m 1 d <r>% 1 O^SEJ; 0 iKffitt^^St^ililitt 

S-a-S C tic J: 0 sS^^Sit-rs J: 5 IC LfcSITWSifi 
*ST*oT, S*ia«O^BJ;-C^2®ffll«iit^S 
« L t, i J: 5 ic L C t It as t f ^ t> © T S> -5 . 

[0 0 8 0] 6~^4 5©fEWlC*3t/> 

T. ^ 1 0:frrfilW^ 2 Wffi«©mBS (^iroWRS) *4 

vi«itie<*icM^-r^^2ro^ac©fflBs«. 

^1 ©^W(cM]iLTil!'^fc^2©^«©fflRSabSV^« 
^2<om«©ie^JraRii:|^«T-fe-5, Sfc. S 1 <D:^I6] 
©^2©fi«OWRi (^iroWRI) feSUttiaJKt^lC® 
fi-r-S)^ 2 W^^romSSli. AMWlCli 5 0 M mtlJiT 

^fcf^ 2 ©^«©mSI$.-5 t^lilB 2 ©ffit^WiE^iJMSli: 
R«-e*-5. CiroiSMW^l 6~mi 8, ^2 2~m2 

4, M2 8~IB3 0. ^3 4~^3 6, S4 0~m4 2 
cD^?gtC*3t,iT. ^ 2 ©:^|6]©^ 2 OD««©FBRS«, » 

-e^'b©T*0. ^2©ffi«(0:*:#*lct)J;-5*«. — « 
e^IlClil OitmU;_hl 0 0 O/zml^T. AMWIC1S2 0 
Mmj^±2 0 0 /zmt^TT^So S«I6<J»CS« 

M«J ) ictt. A1!W1C«. S20:^|6]«>|g2 

6<JtC7 2(!:t<.±-&*n?^^ti. CCT. m 2 0:5(610^ 2 <D 
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ISS7 2|=<i:Ufc<Dtt. m2©:^r6]0^2(0«|«W9lja6-5 

^ <o5^ «;/ y-y-f wM^T-ig^««ic 7 2|s:eg# $n 

[0 0 8 1] ;:0D5!K®^1 6~^4 5©5!eBC*5tiT 

10 «. ±iB£tn©cttt. -f-rottMicKL/jiVi®?). z.<r> 

[0 0 8 2] c:©^?q©^4 6©5g^«. ^lO^i^fe 
ffi«SS:Wr^i!Sa*^e.Jti:Sm 1 ©miltt'lcm 1 ©¥i^ 

t&'&m-t^^immi I I -vMi;^«^*««:a«©3E 

®±C^<t#)5^I I I -VjJl^t^^jiis^ftcSSrfiRS^-a- 
^^m.-v&^x. ^itm^i I I - vj^{t^t)##^^e 

20 *ig<t#I^ I I I - VJ!S<b^#l¥##:aig©±ffl-hT-« 
2 ©ffi«tit^^fi* Li^cOi J: ^ IC bit d t $r!«f® t-r S 

[0 0 8 3] C(D^mcDm4 7 (D^ma. min^i^x 

P(Ssa[<&w-r-£.i^aA^e.;ism 1 ©®«t'^'tc^ 1 ©¥i^ 
J; 0 ist^s 2 <r>^i^Kmmm.^^r^m 2 ©^ 
WL^mr^^immi I I -vMt^«!i#»**^s«©^ 

Scfc^icbifc^tiKj* 1 1 I -vmt-^i^^n^moiis. 

:g*«6T*oT, ^<tife« I I I -Vm^«l¥»fl^S 

30 I I I - vmit'^^^m^m^<r>^n±.xw, 

2 ©^^iiSSgEftfe bifet,i J; p bfc C i ^&iRfgii:-r^ 

fc©-efe-5. 

[0 0 8 4] c©%M©m4 8©i^?i«. iga*^e.;^j:-& 
^ 1 ©m^'ftcc:©^ 1 ©ffi^<kO«SSttA^Mi'^m2 © 

^®^&*-r^^{tifej^ I I I -vm{t-^^^m^mm<r> 

^^^o\z\.tz.^im^.\ I I -vMl:^#i##^®© 

i^m.fjm.x$>-DX, ^im^i i i -v)Kfi:^%¥«#: 
m^^^im^i I I -vj!S{t&i^^^{*^»«©^H±T 

40 m2©«l«ii6gfgJttb)&:tiJ:5l'bfc^t*i|$a<i:-r 

^fc©TS-5o 

[0 0 8 5] C:©^?g©m4 9©^?a«, ^l©ipi^fe 
i4Sa[S:*-r^iSffiA^^^t-5m 1 <Dmi^<Pizm 1 ©¥i^ 

ettsgft J: 0 2 ©ipj^te{i?es**-r 2 ©«a 

® *-ri) ^»^««©^M± €r fit S ^ -a- S 

J:3l'bfci|^#«^@©B)t«:^teT-d&oT. 
««:aS©iS-h-C^ 2 ©miatiSgEgS® b^cVi J; p ic 

bfc c t Sit® t -rs t)©T» 

[0 0 8 6] Z<0^m<r>m5 0<D^m\t, miCO^i^X 

50 Rs?E«s:*-r«>iea*^e)i^j:«)mi©®ia4'icsi©¥i^ 
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[0 0 8 7] Z.<D^m<nf^5 KD^m-i. f^§kt^<ott^ 

m 1 (r>mi$.^ \zz.<r>m\ (r>m.^^ o jteatSd^Bi-i^ 2 

*-r ^ iS± ^ -li- ^ J: ^ 

[0 0 8 8] cn^mcoms 2(D^m\t, ^iw^pi^e 
teififfiSJ; ojisv^^ 2 «m 2 (Dm 

©*£g;trffiT-^oT. B*^»«o£®±-tr^2<oM«i: 

[0 0 8 9] c:<73%W<^)^5 3©%^«. IB 1 ®5pi^^ 

R5SSSr*-rsiSsa*^e.fj;-5^ i (Dmrn^pizm i ©^t^ 

[0 0 9 0] Z-CD^mnmS 4<D^m{:i. ^^A^ihtji^ 

m 1 f tc c (Dm 1 J: 0 f^^^iAm^^m 2 « 

««S:*t- •2)a«<^=EB±fc:e SrfiKS* J: 5 tC b fc 
[0 0 9 1] C:(D5!WWlB4 6~^5 4©fgWC*5ti 

I I I -vmit-^m^mw-m, ^m^mm.. ^n^m. 

[0 0 9 2] ±i!l!W«t-5fCfiJfiX$nfcClcD5l?gfC*5t.^T 
I I I -V]!Sffc^#l¥#<^e. 

«¥i^^|i|SS«*^iS<'^ t,itti^®ttdt^l,i^ 2 COM 

*^t^«^^esia^jgfi£-rssfk<^?s I i i -vmif^ 
<bUi>m\zm2 (Dm.mz^^mm®i)'^iBL^<D^mitti> 

[0 0 9 3] 

[mm(Dmm(DmWi] u4T. dw^qgwiiiigj^^jcr^i-i 
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rfflt^^SG aNS«l ^&5^Lx. SlAli^^S. ^IB 

\tmmB(DmiBim^i^(Dmmm. m2itw-mm-^&^. 

C:WGaNS«l«nST (0 0 0 1) ffl (Cffi) :*fir 
T^^o fzfzL. GaNSIgltSRSa, AM^fcttM® 

^, SifigE©ffitaBP±S:ig^<iti^«GaN<D (1-1 

oo> :^[fi]*5j;t;c^n<h^«i^t:^i6]i:-siLT^>^, 

«ifii«CDmi^Bll±^£iK^iti^*G aNCD <1 1 
-2 0> :fy|6]*3±t;t^n<i:^ffifj:*lpli:-a-rSJ:'5fC 
bTt>J;t.^o M^BJiGaNSSl €:MjlLTti-5, C 
COG aNSISl ®Jl$««ajx.tf 2 0 0~6 0 0 MmT* 
20 -5. i^c*3. a2O®^««*SBC0ffl*fa<J?^cfifiBI»Sr5^ 

[0 0 9 4] mMLB(DW.mmm {mi5.&(DW$LB<D'^-i> 

m±<Dmm) «^j;i{i4 o o Mm. ^(Dumtm^\t2 

OMmTfe.5. ffi^A®^l^$telfl:^E*««fJx.li2 

X 1 0' cm-'. mMB<D^mwsL^m-i.m^\ti x i 

O'cm'T'S.^. ^i^B<D4''D*^bi|^S:^[6j(Ofe<4^ 
*CD^*©— |aj*0 3fc*-r. CWGaNSIfiltt. 
Sfi!t«S$BS-ffl i/^T«aj^«^(0 J; 5 fc LTSiSf-S ii 

Tfiit«$-t*-, -E-W^r-t-y hM^B^^U^LTfiJcfiS-e- 
Oi^«j«cJ;0. ^^S.(DiKmm.^i^ts.^> ^cD^r-fey 

«-rs. z.(Dn^m(Domm^(Dmmz^r)X. ^r-tr 
50 ^t)wiaieaixRsm«»-ML'Ta<i3i^L 
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E^(Dm(Dm.mz. ^ms.xmmM.^i&i^-r^:Ltti^-Q 

tf^' + ->- (HVPE) CJ;'3. G aN<£JPMfigS^F-lt 
•S. fig:^^. G aN<OJSIKe©^ffitC«. ia©/13'-> 

$e.lCGaN©PSi@<£WgiJJ»X. P^SDXb, « 

M^^a^tt-s. ctiicioT, G a Na« 1 *s!js-r 

(C^5t-r-5Ci:*^T-^^„ c<DJ:oizvxmm-^nt:iG 

[0 0 9 5] 0 4tCC:©GaNa«l Wffi«BfC#ffi-r 

5tei4<&®«ST«S6<)(C5^-r. c:(©J:^.;rd;GaNS«l 
±IC0 5 (CS^fJ: (CG a N?S#»<^® L ^BKS^-e-^ 
t. CcOGaN?^#^ft:®LtC«T^<DGaNS«l© 

CO 0 9 6] -e-dT, z.<Dm 1 <Dmmmmizti^^x\t. 

0 6 »C5^-r<fc tC, X>y^>y(CiOM«BO±a5Sg|l 
«>. d-srsdii-e. fiB«B©«®S. GaNS«l® 
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(MOCVD) ffi/ii:lcJ;0^T«ifi4}^fiK-r-SGaN 
*i|£»{^HL*fi!tg3-l±S. droGaNJ^i|£#«tJBL<0 

nsfc*. GaNS«[l<DlE®±tC)5)ESLfcGaN^# 

[0 0 9 7] mJaB«X-y5^>;ytti):CDJ:plCL.Tff -3 
dtdi-^^S, — GaNUi£<D^it^mi I I - 

l^ii^Lttii^e,, G a NSfii 1 tC*5t»T^«B««i«A{C 

jfi«'>««Ai:0fcx-;/5^>i?'i^«*iiStifc«!). IIRSB* 

A *f b TSJ^M IC X ^ > i^'T S d <h *^-e# s . 
dOX>;/^>i?'«. ffi^A(D^ffi^Uv?X hTSt'T-VX 
20 i7L.T?foTfccfcl.i>?)^. GaN*1Sl 2:^®X->'^>y 
f d t J; o T B fc'tt SrS*?M X -y ^ > i?^-r 
^d<i:*^T#-5)o x-y^>i7'igS=£_htf-l.fcJ6IC. Xy 
9">^^^Oiai[^i^< LTX-y5^>^7'*fToTt>J;ti, 

•h^i'OLK (KOH) . «?tLT«"J >»?Jci:*fflt»-5d 
i:*^T#So X-y^>^^:^ffiWft^^J<£:^tf^t. i-y 
^>i^«4>tcAnfcKOH^JK^£7 5t:tcSPl^«l$L. 
^■©■ffCGaNSifil * 1 Oii-WaL. X-y^>i^«l7 
^GaNS«l <&3J0WU. *E7Ki!ti*S-fTli. 
30 (OyD-tC<t OKljai^fr^o dcDX-yf^>ytcJ;0, « 
1SBS-*«J 5 MmroggSST^Sf-SdtTj^T^-g.. dd 
-C, dOX-yg^>i/'^fCGaNSSlO«S*iX>yg^> 

mzmCX. G aNS« 1 »«®IC0iJ;^(iW$ 2 0 nm 
«T imiim^ 3 0 0 nmCDP t lK<i:<&Jli;!):ttB bfeT 

i/p tm^M^mmmi3.E\z^rim^hx^mmii 

d(^T i /P tM«0tJ^(i3E>!K»c:J;Ox-y5">m*-r 
-5d<i:*fe$-5. 
40 [0 0 9 8] ffi«EB©X«y5^>ir«±fBW>'X<y hX>y 
5^>yi&intc. 01J;^t^S«tt'f :t>Xy^>^/ (R I 
E) ©.t^/iH^-f x-y5^>^tcJ;r3ffoTfeJ:<. * 
ig|?H^^7>^:^7^H^7ii:T-8 0 0'Ct^±cDiifl| 
T-Sf^miPfi^jt-r 5 d t tc J: S fSftft^MX -y 5^ > 4^ 

CO 0 9 9] :k\Z. aetC^f GaNS«l ifeffll'ifcG 

?§-r-5. ddT«, U •yi?1SjS*J:t^SCH (Separate 
Confinement Heterostructure) ^jftSr'&TiG a 
50 tflC^t>Tl»^r'5. 
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CO 1 0 0] T«J:t5%, ^SfC^-TcfcptC, Ga 

yyyms. n^A 1 G aN^^^y K^6, nMGaN 
^mmmi. T>K-y<7:)Ga,.. I n.N/Ga,-> 
I n,N#fiftT#Faijg<^S14^8, T>H-yi n 
GaN^<tl5^ih^9. pMA 1 G a N^r u/ :/M 1 0 > 
p^G aN3t»JSS 1 1 . pSA 1 G aNiJ7^^>r 1 
2;fe<tt;p^GaNr!>i^i? hSl 3S:ili^XtfiS^ + v 

[0 10 1] ddT, niaGaN/N*>y ^'restilP^T^^ 
0iJx.«O. OSMinTfeO. n^:^j^tJ^:L.T^«J^tfS 

i 5&tK-::f$nTt.i^o nSA l G aNi^^^y H^6« 
»^}O^*0iJ;^«l. O/imTfeO, n S:T^i^i^<h LTfi^Jx. 

«s i T^^'H-y^n. Aimmtm^^io. ost^ 

-5. n^GaN^#2SS7^iff$^^*^JA«0. l^mT 

T> H — :/ I n, G a.-, N/ I n, G a,., 

I n. G a,-. NBc^JiE^;)^3 . 5nmT:x = 0. 1 20 
4, m^mtLX<D I UrG ai-yNm<Dm^f)^ 7 nm 
-ey==0. 0 2 > #F^;0^*3T^^o 
[0 10 2] T>F-y I nG aN^^'ftl^^SQt^, ffi 

t^^u-y'^ y fs\tms\zmvx\^^^ 
nmfS,\tis^ms(Dm^mtvx(Di n, 

G a.-y NgO I nffifigy ^— ScLT:feO, pSA 1 G 
aN^^-^-^y^JSl 0JCgELxTliS®lC:feW'5 I njfflfiKfrd: 
Otr^-DX^^^^o ::C0T>F-y I nGaN^{tl»±S 30 
9OJ*$«0y^ti2 0 nmX$>^. 

[0 10 3] pMAi GaN^^vyzfmi o\tm^^m 

;^tflOnmT^O. p^^lSE^K?^ LT^iJAaTiy:?^ v 
OA (Mg) ;O^K-'/^nTl^^o :i(7)pSAlGaN 
+ l'!y7'Hl 0(^A Umti#tj;^tiO. 2X$}^o C(D 
V^Al GeiN^^^>y•fml 0\t. pSGaN^t^JSg 
11. pMA 1 GaN^^^;/ 1 2:feci:t;pSGaN 
::i>9^hmi 3(D^S^{-Sttg8:^>e I n7!^tjBi@|b 

p^G aN^^K^ 1 1 t^ff$7!^^«?ij;^«0. 1m 
mX'^O, vm^^mLVXm^^:iMuf)^\''-^^tlX 
^^^o 9mA\GaNi7^y\^mi2\tm^^mPi^i 

0. v>m^m^ti.xm^^iMBf>^)^- 

y^n, A 1 MfiKtt^J^^iO. OBT^^o p^GaN 

M^T^Mi^ U T^y X. M g H - y ^ nx ^ o 

[0104] I nSr^iJtcl^iia-CS^SnSGaN 

>^^v:7r^5, n^A 1 G aN^^ y H® 6, n^Ga 
N^#ft@7. p^A 1 G aN + ^u/>^^ 1 0, pMG 50 
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aN^^&SlK pMA I GaN^^-y 1 2*5ct 

<yfpSGaN3>^^i7 h@i 3<D^^&m\tm^i>ti o 

0 OX:m^tl.. I n^^t^mx$>^G aw I n.N 
/Ga,., I n,N#aft^#FfiliftcDfii4S8<^)^fi 

jas^^ijAti 7 0 0-8 0 or. «aj^«7 3 orchf 

7>K-^I nGaN5*?ftl»lhS9(^)fi£:gfiS«, 

^:Sg3if6^.^tiStt^8cD^S®a<h|^i;<«aj^«7 3 

T^.^TpSA 1 GaN + i'ty:/gl 0 <0^:SiaS<h|^ 
i;<«3Jx.«8 3 5t:JC«j:'&J:5{C'r'5o 
[0 10 5] cnb<7)GaN^#»^2^MCD^Sll<S^^j:, 
m^^i. Ga(DmmtLX{th'J;<'^J\^iJ'JOL. ( (C 
H,) ,Ga, TMG) , A \ (DmmtLX\ith 
)UT)l^-02^ ( (CH,) , A 1 , TMA) , I n(D 
mnhl.X\thV ^^)U-(>z^OA ( (CH3) , I 
n, TMI) ^, N(7)iMiPI-<hL'Ti^NH,^ffl(/i-5o ^ 
fc, ^^^JTiJ7.^VX\t. m^\it> H, ^fflC^So H 

y >^^> (S i H4) p^ K-/t> KiiLTti^iJA 
t: X = ;< >- □ > ^ vx - -i; A 

( (CHsCsH.) ,Mg) ^^l^J^hTX^v-^D^ 

[0 10 6] *tC, iiliCOck^tCUTG aN^^#^2^@ 
^fiKS^itPtG aNSSl ^MOC VDi^BT^^^ffiO tH 
to tLX. vMG aNZl>^^ hm I 3<D±m\zm^ 
«CVDffi, X/1'y^7U >^ffi;^C<i:(CcfcO 

*y>^gPC0?[^t^fC^*jrNLfcmSfl^«<7)U>^7: h/t^-> 

hX^y5^>^. ^fcti, CF^-^CHFa^'cCciiOy^^y^ 
^^C5'X>y^>^:tfX^ffl(/^rcR I Effi(Cj:0 S i O, 
iK<^X>yf^>^U. U ^y vSPtd^fCN-r^JKttchT^o 
[0 10 7] :!k\Z. C(DS i OjMSrVX^chUTR I 
ESfCcfcO p^A 1 GaN^^^y KB 1 2 cD0$:;^f&I(D 
m^<7)gii$^TX^y^>^^ff ^C(h{C<±:0, 09{C:^ 
t^O\Z. <1 - 1 0 0> ij^zm^t^'J yi^l 4^ 

ccDR I E<o:x:y=^>ifi]7sti.X\im^\i^M^137. 

[0 10 8] 'A\Z. X^y^>^vXi7ci:LT>S(.^fcS i 
Dffi, ;^/1>y^'J>^ffi;^ci:<h'»cJ:O0iJ;^ti 
I^T^o c:<7)«fe&Ml 5t^«^«eg:43J;U^^®«SlOfc 

[0i0 9]:^tc> U V^y^:7>f-{c:<^0 pffl»MS?g^ 
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1 5 aS:}gfi£f^. 

[0 110] -Aiz. \^zy7.h/i^->^mLrz^^<Dik 

^->^'t<D±\zm^^tirzP am. p tma^z^Au 
miiii%iz^.^r^ VJyhTfy) . citncJ:^T. «fe 

5©g8Pl 5 a*jli;TpSGaNn>^'i? 
1 3lcn>^'i? hlxfcp<l!l«ail 6*i}gfi!c$tiS. dc: 
T, cropfflijmSl e^fltfiXf-SPdlK, PtlKd3j;t5 
Au)K<DJP$««ajA«-e-n^tll 0 nm. 1 0 0 nm*3 
JiZ^3 0 0 nmt-r^. 'A\Z. pmMMl 6 'Sr^t—S. y 

as )te $ -a- s fc i6 <D T D -f ias * fr -5 . 
[0 111] -Aiz, G aN&m.i (ommizm^i-iM^m 
mmzj^om^iitT im. p tmi=j:UAum=s:m-Am 

fi^L, T i/P t/AuttlifironflyWffil 7Sr?gfig-r 
So dCT-. CCDn#M® 1 7 i£-1t^-r-i>T i Pt 
8M*3<ty:AuK©l¥$«0iJ;^(i-E-n^*ni 0 nm. 5 0 
nm:fc.i:t>'l 0 0 nrnt-rs. nfiiJ«Ml7S::t 

[0 1 12] m 1 ojc^-Ti^ic, ^^^ffi^2 

\zmm^-y-^>^^m\^fz^^ ffOtCCDU'— tfA*-4 
■5. 

[0 1 13} 0 1 0(c*3i.iTti< yu— COg:*fJg*^— o 

- 4 osia^t^t^s^® (cffl ^ -r s . 

[0 1 14] 01 0 lC^-r0iJ»C:fel^iT«, GaN%^m 
ifW-y-fX^t^JAtie O O wmx 3 4 6 ymT* 

-g-n-etlS«0 X i' ^ -r tf > * ff o C i J: o T^«)-!t 

-< G a N l^—fiZ^mr^, 
[0 115] C<DJi^, ^i®B«§GaN?S¥3|l<*U~ 

<4®-r s J: 5 ic CO tath 4 ff^cttccko. m^B(D 
mm^^^mmzsL^^itimi'-f^ciiA^x^^. ^m. 

<OT. ffl«BIC*3ttStete<Z)^SS:Stt-5Ct«;S:t^. 
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to 1 1 6] ^^^±oDJ;^^c, cro^ i cDHjgjg^icjtn 

l/im«B7ji7N**&^ttlCS^e<)tcBS5iItTt.^SG a NS 

ffi i(© p ^ ®« B ©iap s: X 5=- > i?' ic J; 0 u xm 

ttB®«®S:GaNS«l®iffi*^&«Lfc±-e. CCD 
10 GaNa«l±CU— »ffil)S€:Jgfi£-r4GaN^i|£#{*: 

^G aN^^mi^m\zmm.B(Dmmmi)^m:£u^^jio\z 

tt*^«< :g»^^©G a N JR^t^^frU— !f $^S-rS C <!: 
[0 117] iPxT, C®^l(D||]!teJ^fii{Cj;n(^, S 

^msizmvry>]i-zn n g a N^{ti»jhs 9 

Tp^A 1 GaN4^-vy:/W 1 0*^l§:ltetlTti-&<© 
20 T>K-^I nGaN^ftB?ihS9»Cj;0. pMA 

1 G aN^A";/7'» 1 0 \zj:om^ms \zm^-r^j^^ti 

^±mfzmiti-r^ctA^x^^tth\z. pm«<75p^ 

[0 118] sfctc. c:«fgMroSg2©l6]!iSj^Sifct3i/JT 

mm-t^. mi 2\z7ii-r^oiz. z.(D'm2(Dmmmm\z 

iiVJTfi. GaN»«l w^^B©±ffl?i&x-v^>yic 

io^SL. ^(Dm^'&^±iz^m<fr?>. -s-bx, 0 

1 3 {CS^f J; O fC. c:©G aNS«l±(CMOCVDffi 

30 fj.i£\ZJi<OG aN^^mWML^I^m^'tt^, ±fSJW^^ 
<7)C<h«Sl©IIM5^JI<i:|^1llT-*SOT-. BJil^^£*BS 

[0 1 19] -Aiz. c<D^m(^m3<Dmi&m^iz-z>^^x 
wtmt^, 0 1 4 (cs^r J; 5 ic. z.<Dm3(Dmmmmiz 

*3(/iT«, ^lK>SISfi}^^i:ra«CGaN»«l©^« 

B©±g5^X-yg=->i'|^S-rS*^, Z.(Dm'^. dCDX-y 

R I E^kt'ro H7'rxu/5'>^^(cj;o?f 

V. CCD^. M«B©ij$a^t*^ffi«AOiKattJ;0^l/^ 
40 Ct^ftJfflLT. l!HiaA±-C«^«*^e#S*i. ffi«B 

±T«fi£g75^e^/^it/i=fc 3 :^j:figS^#-CMO C V D 

GaNS«iro^®, -rUt>-^mmA±\Z<D^G aN?f: 
n©;i,i:«Sl®l|j!ig}g»i<i:|^<3lT-*-5WT-. Ift?^** 

BSf-s. ciom3(Dsi]5SjK^»cj;oTt). mKomMm 

[0 12 0] Aiz, ;i(D^m<r)m4<Dmmmmiz-D\,-^x 
um-t^. 0 1 5 ics-r<t 5 tc, c(DfH4(Dmmmm\z 

50 *J(,»Ttt. »10^]!SJ^fiitl^fil»CGaN»«ia>m«J 



(22) 

41 

G a NJS¥»«:)iL*t«S*|$]fi)cfiLTffi«B(0±:frT# 
GaNI^¥#*^SLSr^^$-e-r. ^Sft^-Br^tt^^ 

CO 1 2 1] 'AiZ. C<O%^O^5«||M0litC-P</iT 

01 6{c3^-rj:^)ic. z.<Dm5<Dmmmm\z 

*3t^Ttt, GaNa«l©±ffi©5-^^«B©8|5^J-S:^ 
^. C®MitMl8ti. ffiiSBSr^ifetca^itdiT^ 

m(D^nmt LTt>. $ b^:^i-^JicM^fe*«^Bi3J; 

IS 1 ± tc M O C V D Si^i if J; 0 G a N L 

^^tL-rrab, z.<Dmmmi s-cmionxf.'^tii^m^iz 

G a NS« 1 ©3E®±tC©*-G a N^¥^{*:H L 

[0 12 2] 'Aiz, ca^^mcDmeo^mmMf^jz-Di^^x so 
itt^T^. mi 8iz^t^3iz, z.<Dm6<Dmmmm\z 

*50iT«. IB5©||]!iSJ^ffii|B|«{c. GaNSSl©^ 

mo:>z)'^mmB(D&^^^±\zmv^^\zs i o,mfj. 
^(Dmmmi s^^mii^r^o mz. mi sii^zj^mi 9 
iz^-rmm^mr. GaNa«i±{cMocvDffi/j:t* 

t^T E L OIC <fc 0 G a N^^»{^Ji L 

■^a^. :i(Dt^. iffeigtMl 8±T-^:^r6]figgf SGa 

L^^-^^-&Uf^^^O\ZVX%^^K ±.m&.^^(OZ.tit 

fHi<omm^miimmx3i^(D-v, siw^^ns-r-s. c 40 
(r)m6(D^mmmiz^-:>xh, m 1 <o$immmi::mmj. 
mj^^n^ c iit)^x^ 

[0 12 3] 'Aiz, c<Dmmo:)m7<ommmm\z-z>\,^x 
wim-r^, 02 o»c*-r<fc5tr. ^Komi (nnmmmz 

*51.^T«. ^l©SI)ffiJg!gt|g«tCGaNS«l(?5m« 
B©±SRSrX-y5^>i^K?5fe-r-5. ^IC. GaN»«lW 
±ffilwS i O.M^itirwIfe^JKl SSJgfiKU. ffl«BO 
KssSSRSrllJi*. ^fw. 0 2 lta5-rJ:3t. mk.\iS.R 
I Effiirj;OlfeiBtl^l SeDX -v^F/N-'Vi^^ff ^> dtirj: 
0. ®«BOSfe5fegl5JCWi9-C©«S8klKl B&Jg-r, CO 50 
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^. ^5Sfcti^6 0|gj5g}gfigi:|^«lC, GaNS«l 
±J3GaN*i|s^«cJiL*fi)ES$-a-«. JifB^^VO d <«: 

fiJ --^ t# -5 C t *<T # .5 . 

[0 12 4] 'A\z, ^<D^m<Dms<Dmmm*&\zr:>^^x 

mmt^, m2 2\zmt^o\z. z.(DW.s<D^mmm\z 

*3tiTtt, ^l(Dmmm*&t.m^\ZCaNmWLl<DWS. 

B<D±gR*xy5'>i?'^*-r-5. ;^c^c, caNSSi© 

±BJCS i O.IK^£<!:05iieSMl 8 ^rJg^fS. C©t 

^. C<D«fei@imi 8C0J?$*^. M*SBOK^*6R75i^^lC 

iai^-inTioiSSic/h^i/it-r^. 'A\z. ^jx.«r i e 

te{Cj:Oi|fe^Ml 8<DXy5^M-yi7*ff-5Cd:{CJ:0, 

m^A±ro$feiSii^ 1 8 *i^*-rs. co». ms^fctt 

meoHMfl^^iil^fillC. GaNS«l±{CGaNJS¥ 

?^^lcj:oTt>, ^l©l|]5gJKSgi:R«^cfi].^*f#-5C 
[0 12 5] mz. C<DMW0^9 OlgSSJ^SifCOtiT 

0 2 3 tcs^T J: 5 fc. z:©^9 0ie]i6JKffi(c 
*3<.^T«, ^l©||Jfi}^ffi<!:l^1ffCGaNa«lcDM^ 
B<©±:gR?rX->5^>i7'^S-r-5. G a NS« 1 CD 

±m\ZS i O.MT^Ciro^giiStiKl SSrJ^RKL-. M«JB<7) 
^^U^mibrz.m. COlfeiiaJKl 8<&x.y^>y{cJ:0 

^. m^^t:i\-i.m&(r>mi&^miinmz. GaNssi 

[0 12 6] 'A\Z, Z.<r>Wm<Dmi OOl^SSJgJglCO^i 
Tltt^-rs. 02 4(C^fJ;ptC, CO^l OOS^jjgJg 
^itC*5ViTtt, ^lOI^Mfl^Sitl^^lCGaNSISlO 
««BO±a5^Xy5^>i^^S-r^A^, CO*i^. X-y 

0 2 5 tC55t-=k 5 (C, GaNS«10±ffitC 
S \ 0,mtiii<Di&Wmi BJ^HKf-S), CO<h#, ffi^ 
BOl^^gR/OigSlifc*. CO(^^ai5««ei^Ml 8JCJ;o 

■5. 'A\Z. ^iJAtiR I EffiJCj;0*e^Ml BOX-y^/N' 
•y^'^Eff ^CitCJcO. ffl^A±CDiise^Ml 8 sr^^-r 
^. CO^. ^5 Sfe^^eoSISgJ^^illfiUC. Ga 
NS«l±lCGaNm#«*|£SL*fiRS$-e-S. iffitt 
noCtfa^lOlgJgJgfiitP^^TS-SOT. 
BS-r^. CO^ 1 0O||MJgfig»w<toTt), mioUSS 

[0 12 7] JfcJ:. COlEMOSl 1 ©S6Jg«?flUCOl> 

Tift^g-rs. 02 7 fcs^t-jcair. comi K^mmm 

8IIC*5tiT«. GaNSSlomtjAOtflCtaiitBdtA 
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{aSBfttt2 X 1 0* cm-'UtT. «g«B(0S|il^te{Sa5fl[ 
«1 X 1 0' cm-'}^±. m.^C(D^^i^m&^&\tl X 
1 0' cm-'J;0/h$<. 2 x i o' c m 'J; 0>:$ 
< . ^JA« ( 1 ~ 2 ) X 1 0 ' c m-'gST*-5. m« 
B<DBB5<J^»i (giftgS®li«B©4«.6l^±(DWI!i) itm 10 
A«3 0 0Mm. ^«ifi^{4«iiJxtS2 0 wnTC^-S. * 
fc. ^®C(Oilgtt^JA«*l 2 0Mm-r:*-5. 

[0128] ji<om 1 1 <Dmmmm\zii\,^-ai, mi<D 

:fe J: fJ^^® C ©M:^0±gP $r X -y 5^ > iT' (C J; 0 

wim^%\^t^. c(Dmi i(Dmmmmjz^-yx 

[0 12 9] 'Aiz, c<Dmm(Dmi 2(D^mwM\z-o\,^ 20 
TSieg-r-s. cKD^i 2wmtifl?^fi^c*3^iT«. ^2© 

^F>i7'(cJ:r)|^^Lfcro(c*f L. GaNS^lcOM^B 
*3 J: CJfM^ C Oi^;^r C»±a? 2: X -y 5^ > (C J; 0 ^*-r 
-5. ±Et4^1-OCt«^l*3J;t;f|gl 1 ©SIMJg^tl^ 

mx$>^nx. m.m^%fi,-r^. ^(omi 2nmMm^ 
J; o T . mi <DMmm*& L .^.^m^OL ti^ 

[0 13 0] :i^\z. z.<D^m<D^i ^(Dmmmm^z-o^.^ 
xmm-t^. z-cDmi 3(r>mMi^m\z^^^x\t. mso? 30 

IIJgJglitCiilriTiSG a NSS 1 ©M«cB«Jig|5<&X>y 
=^yif\Z^'0^^\^tc<r>\zm^. G aNSiSl omtgEB 

±fBJi^nroc<*:«mi*id:i/mi lommmmtm 
mx$)^(Dx\ ia^i£^B&-rs. z.<Dmi 3<Dmmmm 

[0 13 1] ^fc. cro^i^qcomi 4<Dmmmmiz-z>i,^ 

|g*gffi^ffitC*J^iTttGaN««l®ffi«B©±ffl5*Xy 40 
5^>iy(CJ;0^*Lfc«lc»L. GaNSISlWM^B 
*3 J; C (D ji5:^o±ffl5^ X -y ^ > H 0; 0 

mX$>^(DX. aftlB*«IIS-r*. CKD^l 4<D||J6JKSg 
tcJ;r3Tt>. mi©S|]S6ilKSgi|^«fj:filX^S:f§«)C:t:f5t 

[0 13 2] ^^cfc. ;i<D^m(omi 5<Dmmmmkz-o{,^ 
mmmm\zidi^x\tG aNmm.i(Dm>$.B^mmmi s 

lcJ;08lofc(0IC^^L, GaNaSl«)ffl«B*3j;c;f^ 50 
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mi. mstjjcD^mi 1 ©siisjs?«ii:ra«-e*s«3t?. 

[0 13 3] '^\Z. CCi^m(r>f^l 6©||156Jg®ICt3tri 
TgttMf c:®mi enmmmt&izis^^xits me® 

IIM5Kii«C*5tiT«GaNS«l®ffi«B€rJfeiS:IKl 8 
lcj;Offiofc®tc^*L. G a NSIgl ®m«B^<ty:m 
«c®pg:*rs*e»JKi 8{cJ;08l^. ±fE£tn®ct« 

mi. m5:fej:t^mi i<Dmmmmtmmx-&i,<Dx. 

wtm^mmt^. z.<Dmi 6<r)mmmmnzj^^x'h, m 
1 (onmmmtmmumj^^n^^iii)^x^^, 
[0 13 4] mz, z.<Dmm<r>mi 7 (ommmmiz^i'^ 
Tift^f^. c®mi 7 <Dmmmmizi^^^x\-i. m?® 

^mmm^Zid^^XUG a NS« 1 ®M^B®±g|5$rX-y 
5'>iytC±0K?*Lfc®lCi*L, GaNaiSl®ffl«B 

*5 <fc t;««c c ®iifl:^® ±SI5$ X y 5^ > i^ic <k 0 ^*-r 

m^mmx^^cDx, i»ws«iBST«.o c:®mi7®ii 

MJ^^»cj;oTt>. ml®*)5gflg^.i:l^1ll;^c^|J,^^^i=^ 

[oi3 5]i>:(c, c(D^m(Dmi 8cDmmmmjz-oi.^ 
xmrn-r^o z.<Dmi 8<Dmmmmizii^^x\t. ms® 

SI]^?g«itC*5tiT«G a NaiS 1 ®M^ B ®±gP^X -y 
^>ycJ:0^*Lfc®l'^*L. GaN»«l®li^B 
45 J; U^ffltS C ® M:^® ±65 X -y 5^ > >/ ic J; 0 l^^f 

€>. ±w.&.n-<r)ciiitmi. m5 43<fcatmi i®ii]5fijK 

lg<!:Pil6-Cfe-5®T. lSWS«»S-r«. c:®mi8®ll 
[0 13 6] 'A\Z. Z.<D^m<D^l Q<Dm:mMm\Z'0\>^ 

TSttwr-s. ci®mi 9®*jSBffi{c45iiT«. m9® 

*J5S?^^fc45t,iT«G a N^lg 1 ®ffl«EB®±S5^X<y 
?->^/(C<fcO^*Lfc®('*fL. GaN»«l®ffi«?B 
45 J: Z/ffi^ C ® jig;^ ® ±ep S X -y ^ > i?' (c J; 0 l^*-r 

±ffim®cii:«mi. m5 43j:acmi i®sgjgj^ 

^<»:(^^$T*-i>®T', ift^<£^B§-r-So :i®mi9®S 

[0 13 71 'A\z, c:®5!M®m2 0 <Dmmmm\z'z>^^ 
xwimt^, c®m2 0 (o^mmmiztif^^xit. mi 0 

®IIM?^^(C45tiTttG a NmWL 1 ®ffl^B®±gP<£-x 
•y^>i^lCj;OI^5&Lfc®f-?*L. GaNS«l®M« 
B 45<t C ® P:^® ±95 ^ X -y ^ > C J: 0 |iS^5&-r 

^. ±EKAii'®^ttimi . m5 45j;t/:mi KDmmm 
mtmmx&^(Dx, ittw^^sms-r-So :i®m2 0®ig 
Mj^sstcaioT'b. mi®*)5g}Kffitii«^t*ij^*»s 

[0 13 8] -Aiz, c®%eg®m2 1 commmmiz-Di^ 

TittWr-S. 02 8lC*-rj:plC. c:®m2 l®l^]!igJK 
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[0 13 9] :i(Dm2 1 ©USS^g^lciit^Tfi, 
«J o T^ga 13 J: 0 ;^ 7 'f tf > i/*ff ^ c t C <fc 0 

totf 5 > a <^ J: 3 /j:SiiJS:*fc LT«« AOgP^fc $ 

Ifi^^^tztb. •B'tl.'h^mzt^^U^^^ffi, 
A rogp^i'WSg® ttspS t -5 , 

[0 14 0] sizai475^-^>^^$n-5)<;3«« L'— tfXh5 

< T'sroiSiiJgp^i-T'fes*^'. 0 2 8 ^c5^t■=t^>7^^gH®T' 
^)n^±^ m^BcDa|5^^WSgcS«^3t#tti^£t'fC^,^^S^ 

[0 14 1] z.<o^m<Dm2 2 (O^^mmmiz^^^ 

t^S G a N»«^^-r¥MSTa&-5. El 2 9 (CS^fd; 5 

tc, z.<Dm2 2<DmMmm^z^^^x\t, m^Bifiu—if 
X h ^-f :/3 tc'&^n^ci/i.fc o \zm=f-miSL 2 tmm^ti 

■So Z.CT', tfX h^-f :/3«ffitSB*^e> 5 0 Mm 
iJ(.±lltlTt/>.5, ^^M^2 fC«2<l®ffi« 

B*<#SnsCtJcfj:.5, ±ffiJJt^1.(DCli:«^l©||*6 

[0 14 2] ;i<:fc, c<D^m(Dm2 3 (^mmmmiz-Di,^ 
xmm-r?>o 03 o«^rom2 sw^jgjg^t-iJt^Tffl 

ttnMT-C®;^{iT$>S. fcfcL. GaNS«l«R 
ffi. A®*ifc«M®:^<fc<7)'b(DTa&t>Tt)J:t/i. ^KDG 

A © f tC^pi^fefiragSTitfiS t /j: SMi® B 

TitGaNO <1 1-2 0) :^|p]tc:^J;^«4 0 0 Mmfflfii 
TfflWWfcBSyiJU. <1 1 - 2 0> :^(6]iil3^-ri <1 

- 1 0 o> ■:fj0]\zm^ii2 o~ 1 0 0 /immmT-mmm 

tcE5>JUT0i-5. fc;!£U. <1 1 -2 0> <1 - 

[0 14 31 il®^2 3©|g]56jeffilC*3V>Ttt. 0 3 1 
*t <1-1 00> :^|pJ(J3m«BCD?lJ^&jlO. u— 
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•tf X h ^-f y 3 CCOffll^B O^lJCOfflcOffligtCOtf^Wifi 
tC{ftffl-rSJ:5C3iiT««i2*<li^$nS. C1<0«^. 

^T^«c2 ir«MiaBc03?'Jtt|IM6<Jlc-&$tx;^jiU, ±fB 

*BS-rS. C©m2 3(D||]!igJg^JCj;tltf. ^IWHJS 

[0 14 4] ^tC, CCD5l^t^^2 4®||]5gJK!Kcot,i 
TiJi^-r-5. 0 3 2 IC^-r<fc ^ »C, C:0^2 4CD§|]560 
^tC*3t,»T«. ^2 3©5ligJgffit|l«&GaNS«l 
10 U— !fx h^-f >'3lC5pfT;&:— X>©«gH*< 

<i - 1 0 o> ::^ifi](?DfflSEB©^j^jlo, 

<Dm2 4(Dmmmmiz^niii, m i (ommmmiimmu 
[0 14 5] 'Aiz. ^.(D^momz 5 <Dmmmwjz-:>f.^ 

20 ^(Cfct^Ttt, ^2 3©||;K}^Sgi:raii?tcGaNaiSl 

li-rnt) (1-100) :^i6]©^isB(^)?^j®^(c&g 
b. u-— y*x h^-i'7'3*^';i<DM^B(D^ijcDffflcD 

f^2 scD^mmmhmti.^. 

«c2 (rttM^Bro?ij«i?Ke<)ir^^n;^ti/^. ±faJwnco 

c:itt^2 3*3jcUt^l®SIMJ^^i:l^<llT*-&05-C. 

ittw&^te-r-s. c(Dm2 5<ommmm\zj;:tni, ^i 

30 [0i4 6];^<:(c. z.co^mo)m2 6<DmMm*BiZ':)^^ 
xm.m-t^. S3 4{c^-rj;'5tc. ca>^2 ecDig^jg 
gi{c*3i/iT«. m2 3(Dmmmmtmmts:GaNmmi 

*fflt»*7i<, U'-- tfT. H ^-f 7^3 (cWt^c— ^C^iSMTJ^' 
(1-10 0) :^r&JcOffi®BCD^JS;jlO. fa:^wsg®*i 
d (DM® B 055>J Jcifi <rp^-r M*^ B cD^J <»: ^ o:;^«:<©ffl 
«B©5>Ji:C!5WtCttML, U— tfX h ^-f 7^3 *i 

M^Ba55^j*^e> 5 0 iim&.±mnfz^m.^mi>.^x, m 
2 sommrmt^u^. z-om^^. m^mm2\zitm 
^B®^j(ii*#*n^<. ±.mun-(^z.t\tm2 3i5j: 

40 t/f^lCDSg3!ffiBli<i:|^«lt?a&-50T?. iiiW*#IISf -5. 

:i(DfH2 6<Dmmmmiz^nii, mi<DmmMmtmm 
um.^^n^z.tif)^X'^^. 
[0 14 7] 'Aiz, ::(D^mo>m2 1 (DMmmm\z-Dh^ 
xmm-r^. ss sfcj^-r^^t;, z.(r>m2 i (f:>^mm 
m\zi6^^x\t. m2 3(DmMM*&t.mms.oai^&^i 

<1 - 1 0 0) :*iS]<o««B<D5ij*^e.St*xfc{ftB*ii 

<Dm}z^(r)'M.(Dm}$.B(r>nL<Dm\z^m.\^> i^- 

50 -tfX h^-f y3*itRlSB<D?iJ*^e, 5 0 Mmi!il±8itlttt 



47 

mm^'^mr^o z<Dm2 7<D^mmmiz^tni, mi 
[0 14 8] ^tr. :L<Dftm<om2 8(DmMmmiz'D^^ 

1«, M«B*<GaN® <1 l-2 0> :^I«UZ«»J^«2 

0 0 ummm-r^mmmzmmLx^^^ct^m^x, m 

1 0 (Dmmmmizidi.^xm^^rzG a n*is i tmmx$> 

[0 1 4 9] 03 6(e:^-r«fc3lC. ccDm2 8<Dmmm 

-r :/3 j&:-^*05Sgffi*«cne.(Dffi«cBw^ji:^n 

iimmx'&^<Dx\ m.m^'&m-t^, z.<Dm2 scomm 
mmizj:tn-£. m i (D^mmmtmmfs.m.^^m^ z. t 

[0 15 0] 'Aiz. z.o:>mm(om2 9a)mmmm\z^^^ 
xmrn-r^o 7itz.(Dm2 9(Dmm^mizi3',^xm 

ti^G aNa«S:^-r spH0-ea&S. CKDGaNStttl 

aNa«i (r*3ViT«. ^i^«g{ia5ft*i<£iriiea*^e.^t 

aN© (1 - 1 0 0> :^r[6]{c:i^tt(C®aE-r-5M*SB*^ 
<1 - 1 0 0> :;^|p]<!:iS32-ra <1 1 - 2 0> :^^\zm 

A«4 0 0 ummmxmmm\zmmi,x^^^. fcfc*^, 
<i - 1 0 o> :eri&ii: <i 1 - 2 o> :^iPit$Ans^ 

[0 15 1] ^(7)^2 9©||]!iBffifC*3t/iT«. 03 8 

tca^-r <fc p u— tf X h ^-f :/ 3 \zw-fftii—sii<Dmm 
B cDm(Dffi«<7D tti^#ai(c{4g-r -5 J: ^ fc^^mi^ 2 

m^^tli>o ^^ffilS2tC«MJ«B<D^J«|| 
KWt-&*n;&:t>. ±ffiUti1.a3;i<!:«miro|iagJKffit 
mmX'&^<DX'. att?aSr*RS-r-5o ClcDm2 gtDHJSJg 
^JC=fcn«. ^l®|gigJelii:|fl«fj:*iJ^Sr»SCi7>t 

[0 15 2] 'Alz, ii<D9tm<Dm3oo:>mmmmiz':>\,^ 

xmrn-r^, ms 9iz^tJ:^\z, corns ocommm 
miztd\,^x\t. m2 BCDmmmf&tmuuGaN&ui 

Sffi^i^dt. U-^ytsh^-iZf3\ZW-nfA—'0<Dl^mA^ 
^, ^^M*S2 IC«««cB©?ti«Sg«MfC^*ti;S:t.». 
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±m&.9\-<Dz.titm2 9^^z^mi<Dmmmmhmi^x 
&^<Dx. mm^m^t^. c(om3o<ommmmzj: 
tut. m 1 <D$immmi:muum^=s:n^ c iiifix^ 

[0 15 3] mz, coi^mnms 1 (DmmmM^z-ot,^ 
x^m-r?>, s 4 0 J: ^ tc. c(om3 Kommm 

^m^^^^^. l'—*fxby^•:f3^z^l■fftJ.—M<D^^mtl^ 

10 3*<c«D««cBCDMcDm«®tf*#jfi(cti:B-r-s«t^i:: 

3g^fflt^2*^®^$ns,^-e< m2 9(Dmmmmizmtj. 

mmmtz^rnt. m 1 (Dmmmmtmmtj.m^'Srm^z: 
[0 15 4] 'Aiz. z.(D^m(om3 2<ommmm\z-::>\,^ 

M«B*jiO. te*«aBffi*«C©ffl«EBO^Jfcitt<BIS5 

•r-5ffiJ^B<i:-g-coi>:©M^B troraicffiSL.. 

-• tfX h^-r T'S^^'ffll^B*^?. 5 0 MmUiSfinfc^ag 

€:j1-5),«t. m2 9<Dmmmmt^u%. zcom-^. m 

m2 9i5j:zj^$Hi<^mmmmtmmx$>^(Dx\ mm^ 
mmr^o z.<Dm3 2<Dmmmmiz^tnt, mi<Dmm. 

[0 15 5] »nz. :L<D^m<Dm3 3o:>mmmm\z^^^ 

30 Tgft^f-5>. 04 2 fCS^-r<fc3tC, CW^S 3 CDSISS?^ 

siic*3tiTti. ^29 (DmmmmiimmjiG a Na« 1 

ffi«cB*^e.gin/tiaM^ji'3, te:^w«®*^cicDM^B 
fcit <^l^r ^^«B t-ew^^ccoffl^B towic-tis 
b. U— tfX h^'T >^3*^^®B*->e) 5 0 /zm£t 
±«nfcteK€rjllS,^T, ^2 9 0j?]6S?^^i:S/<c-&. 

5g^m«2tc«ffi^B05ij«i*#sn^. 
^■soT. m.m^^^t?>, z.(Dm3 3(Dmmmm\z^ 

40 Ml©g|]SfiBji<i:n«;Jcfi|;|^*#-5Ct*<T^ 

So 

[0 15 6] ;*:ti. dfo^^co^s 4 0||)^jgffi(;:o^^ 

Titteg-r-s, ^4 3it:L(Dm3 4(Dmmmm\zi5<^^xm 

0»-5GaNS«l $5^-rYffi0-eJb-5, z:©GaN»« 

1 ffiJ^B*^G aN© < 1 1-20) :*r|B]fC^J^tS 2 
0 0 umWR|-era^M(cE?iJbTt/i-5Ct&(^l'^T. M 

2 9©|ISg}BfiilC*5U»TfflVi;tG aNSSl ii^^lT* 
S. 5R^«@«2C«««B©5"Jtt2 2|i:^*n 
•5, 

50 [0 1 5 7] 04 3(C^-rJ;3tC, C®^34©SI*g}g 
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3 icspff /j:-^®^® c n B i: e. ©It < 

[0 15 8] £t±. c<D^m<Dmmmf&\zz)t^^xM:Wm 

[0 15 91 ^JA«, ±j2li®||]5g^gli»C*3tiT*tffcfc 

a. mm. s«. Hiisf, yD-fex^cf«fe<i-et>«ajt 

[0 16 0] mpn:£. ^^(om^mmmizid 

«. t^Jxli, DH (Double Heterostructure) ItjfiWG 
a N ^ U — y-*©^ jfilC iiffl L- T J; C <!: « 

GaNmlS!3ty-f3^-HOS^Jfi^CjgfflLTt>J: 
<, $ e>(C(iG a N?SF ET-^G a NS^^^ni^^/W 
7}^-7h^>vX^' (HBT) UEcnmt^l^l I I- 

[0 16 1] Sfc. ±j2li«||JS6fl5ffi(C*5tiT. GaNS 

[0 16 2] Sfe, ±i!liWSIJ!gJKJgl;*3t>T«. GaN 

rJl/fiKSSfcttA^-f HftfflXfcr^' + ->v;P«S:g (HV 
PE) ^^=i-ms.\i^^z^- (MBE) fe;a:<i:©teW*fi 

[0 16 3] ±.m.<r>mimmzio\,^x\t. mo 

C V DteJC J; 0 fiK«?&ff •5IS©=1^-^ U ;^ i: LTH, 
X. «ajA(iH.iN,$)-5t,iliHe. A r ;</X;^£i: 

1^m^m^\tR I EOJ:5;f&:H5'f x-y5'>i/ic.tt)0 
[0 16 4] 

I I I -ymit^^^mw-Ms h^^^\t^m^m. $>i> 
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e. /tc @ icm 2 J: -5 mmm-h^'EL iiU t, ^ J; -5 fcr 

10 [@il(Dffl¥^J:SiqQ} 

[01] C(Dfg?g(D^l©l|]ffi}gte{::*3t.iTffi0i-5Ga 

[0 21 dWS^q^©^! <DSI«g}giglC*5</iTffltri2>G a 
N S: S^-r ¥® 0 T- S , 

[03] :i<D^m(Df^i(D^mmmfzidi,^xm^^^G a 

[114] c:w%W0^1©||*e}glii:©JtKfiaJ*SiW-r 
20 [El 5] il<D5!W<D^l ®||SgJe.^<fc®Jti«^J*a5i?a-r 

me] z.cD^mnmKDmmMmiziif^'^xm^^^G a 
N SIS ^-r 0 T -5 , 

[0 7] C:®5£WCD^ 1 CDilSS}^MtC*3tiTG aNS« 
±»CG a N?Ri}i#l*:gSrfi£S$-a:fct^!SSr^-r»fffi0T 

[0 8] z.<D^m<Dmi<Dmmmmizj;i^G aNjk^m 
[0 91 z.<D^m<Dmi<r)mmmmizj:^GaNm^m 

[010] CW^^co^l ro||]ffi}^^lcJ;SGaN?^# 
#1*: U— tf ©SSiS*}* *ftt ?g-r S fc J6«¥® 0 T S . 
[011] CW^^c^J^l ©HiSfg^lCct-SGaNm* 
— tf « Si jg ft S itt ^ f ^ * »f ® 0 T ^ o 

[012] co)^m(Dm2(Dmmmmiziit,^xmf'^^G 

a NS«S:55-rBf®0-e*S. 

[013] C©5!?^c7)^2(DjliSf^te{C*5l/>TGaN» 

Wi.±izG aNm^mi^m^^&^ufciKm^^-rmmm 
x$>^, 

40 [01 41 CCO^W®^ 3 (D^iSJg^C^tiTG a N» 

[015] c:»i!?g»m4(D||JgJ^fiilC*3l.iTGaNa 
iR±iZG a NISii£3S«:@&fi)t«$-e-fctt«IS-5^-r»f®0 

[0161 z(Dmm<Dm5<Dmmi&t&iz^^>xm^^^G 

a NSffi^SrS^f Bf®0Ta&.2). 

[0171 c:<05!?BOIB5<0||igJ^fl|fC*Jt»TGaNS 
«±»CG a N^i|£»*jrSSrfigS$-a-fcttfi8«ra^f Bf®0 
50 Ta&-5. 
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52 
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[019] C0D%?^rom6 W|^J6}g^lC*5l»TG aNS 

[02 0] c<D^m(Dm7 (Dmmm*&iziii,^xm^^^G 

[02 11 C:©5!M«>^7 WS|]5gJgffifC*5t>Tfflti-5G 
a NS«CDiiit:^rffi«:aaWt--5;ti{)OWf®STfeS. 

[02 2] C:(05!W(D^8 0SligJ|^Si{C*5tiT«^iSG 
a NaS2:^-r»r®0-ei5'5. 

[02 31 C©%W©^9C0Sgj5gJ^SHc*3l,iTfflt^SG 

a Na«<£^-rw®0-e^-5, 

[02 4] dO^^CD^ 1 0CD|^J^J1^8l(C*3l/iTfflti.5 

G a Nm^<Dmmy3m^wtm-t^r:ii!b<Dmmmx$>^. 

[02 51 ClO^igro^l OOllJgJKffitC^fetJTffltiS 
G a Na«WKjt:^i*<&Itt^f ■5fca6©»f®0T-*-5<, 

[02 6] d©%^(7)^ 1 0ro|^)ffi?g^(r*3UTffl</^-5 
G a NS«®Sjt:^ffi^ltt^-r^fc«)«WH0TS^. 

[02 7] ClfD^ggromi l©^j6?e^fC*5triTffl^i-5 
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